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P a r t  I .
The h y d r o l y s i s  o f  D i o r t h o - S u b s t i t u t e d  B e n z o a t e s .
I n  o r d e r  t o  d e f i n e  more c l e a r l y  t h e  c o n d i t i o n s  u n d e r  
w hich  t h e  d i f f e r e n t  mechanisms f o r  h y d r o l y s i s  a p p ly  t o  e s t e r s  
o f  d i o r t h o - s u b s t i t u t e d  b e n z o i c  a c i d s  a s t u d y  o f  t h e  h y d r o l y s i s ,  
o f  m e t h y l , n - b u t y l , y - b u t y l , (-+-) p - o c t y l  2 . 4 . 6 . t r i m e t h y l -  
■ b e n z o a t e s  and y - b u t y l  2 . 6 . x y l a t e  by  a c i d s  and a l k a l i s ,  u n d e r  
v a r y i n g  c o n d i t i o n s ,  h a s  b e e n  made.  Though t h e s e  e s t e r s  were 
fo u n d  t o  be v e r y  r e s i s t a n t  t o  a l k a l i n e  h y d r o l y s i s  i t  was,  
h ow ever ,  shown' t h a t  d i o r t h o - s u b s t i t u t e d  b e n z o a t e s ,  f rom  an 
a l c o h o l  p o s s e s s i n g  a  s t r o n g  a b i l i t y  t o  r e l e a s e  e l e c t r o n s  
( e . g .  y - b u t y l  a l c o h o l ) ,  can  be  somewhat e a s i l y  h y d r o l y s e d  
i n  a c i d  s o l u t i o n s .  ’The e v id e n c e  f o r  a ssu m in g  t h a t  a  b i m o l e e -  
u l a r  mechansim i s  o p e r a t i v e  i n  t h e  fo r m e r  c a s e  and a u n i m o l e c -  
u l a r  mechanism i n  t h e  l a t t e r  i s  r e v i e w e d .  O th e r  f a c t o r s  
e f f e c t i n g  h y d r o l y s i s ,  e . g .  a c i d  c a t a l y s i s ,  i o n i s i n g  power of  
t h e  s o l v e n t ,  I o n i c  S t r e n g t h  e f f e c t ,  Mass-Law e f f e c t ,  and 
s t r u c t u r e  o f  t h e  a c i d  r a d i c a l  a r e  d i s c u s s e d .
P a r t  I I .
The S e p a r a t i o n  o f  O p t i c a l l y  P u r e  Amyl A l c o h o l  f rom  F u s e l  
O i l  and t h e  S tud y  o f  some, o f  i t s  Oxida t ion .  P r o d u c t s . .
The s e p a r a t i o n  -of o p t i c a l l y  p u r e  ( - ) s e c - b u t y l  
c a r b i n o l  f ro m  f u s e l  o i l ,  by f r a c t i o n a l  d i s t i l l a t i o n  i n  
r e l a t i v e l y  s im p le  e q u i p m e n t , - i s  f o r  t h e  f i r s t  t im e  d e s c r i b e d  
and t h e  s u p e r i o r i t y  o f  t h i s  method o v e r  t h a t  u s e d  p r e v i o u s l y  
by Marckwald and Me K e n z ie ,  i . e .  r e p e a t e d  c r y s t a l l i s a t i o n  
of  amyl h y d ro g e n  3 - n i t r o p h t h a l a t e , i s  shown. The o x i d a t i o n  
o f  ( - ) s e c - b u t y l  c a r b i n o l  t o  ( +  ) v a l e r a l d e h y d e  and (•+) m e th y l  - 
e t h y l  a c e t i c  ' a c i d  i s  d i s c u s s e d  - and e x p l a n a t i o n s  p u t  f o r w a r d  
f o r  t h e  r a c e m i s a t i o n  w h i c h , t a k e s  p l a c e ,  d u r i n g  t h e  p r e p a r a t i o n  
and r e a c t i o n s  o f  ( + ) v a l e r a l d e h y d e . The o x i d a t i o n  o f  ( - ) s e c - 
b u t y l  c a r b i n o l  d i r e c t  t o  ( + ) m e t h y l e t h y l  a c e t i c  a c i d  was 
fo u n d  t o  p r o c e e d  w i t h o u t  r a c e m i s a t i o n  and s e r v e d  t o  c o n f i r m  
t h e  o p t i c a l  p u r i t y  o f  t h e  ( - ) s e c - b u t y l  c a r b i n o l .  The 
p r e p a r a t i o n  o f  a spec im en  o f  (-Q s e c - b u t y l m e t h y l  a c e t a t e  w i t h  
t h e  h i g h e s t  r o t a t o r y  power y e t  reco rded ,  i s  d e s c r i b e d ,  
f i n a l l y ,  t h e  p r i n c i p a l  r e a c t i o n s  o f  ( - ) s e c - b u t y l  c a r b i n o l  
and i t s  s im p le  d e r i v a t i v e s  a r e  summarised  and t h e i r  mechanism 
b r i e f l y  d i s c u s s e d .
The r e s e a r c h e s  d e s c r i b e d  h e r e i n  were c a r r i e d  cut-  
i n  t h e  R e s e a r c h  L a b o r a t o r i e s  o f  B a t t e r s e a  P o l y t e c h n i c  u n d e r  
t h e  d i r e c t i o n  o f  Dr-  J .  Kenyon, P . P . 3.  t o  whom t h e  a u t h o r  
i s  i n d e b t e d  f o r  h i s .  i n v a l u a b l e  a s s i s t a n c e  and h i n d n e s s  
t h r o u g h o u t  t h e  c o u r s e  o f  t h e  work.
The a u t h o r  a l s o  w i s h e s  t o  e x p r e s s  h i s  g r a t i t u d e  
t o  Dr .  M. P .  B a l f e  f o r  h i s  i n t e r e s t  i n  and many c o n s t r u c t i v e  
s u g g e s t i o n s  t o w a r d s  t h e  p r o b le m s  u n d e r _i n v e s t i g a t i o n .
G r a t e f u l  acknowledgem ent  o f  h i s  f r i e n d l y  co ­
o p e r a t i o n  d u r i n g  t h e  s e p a r a t i o n  o f  o p t i c a l l y  p u r e  ( - ) s e c - 
b u t y l  c a r b i n o l  f rom  f u s e l  o i l  i s  made t o  Dr-  T. A. R. Rohan 
and t h a n k s  a r e  a l s o  e x t e n d e d  t o  Mr. J .  Mann f o r  t h e  
m easurem ent  and i n t e r p r e t a t i o n  o f  t h e  i n f r a - r e d  a b s o r p t i o n  
s p e c t r a .
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PART I .
THE HYDROLYSIS OP DIORTHO-SUBSTITUTj03 BEIZOATSS.
/I  n t  r  o du c t l o n .
I n  1894 V i c t o r  Meyer (1)  o b s e r v e d  t h a t  d i o r t h o -  
s u b s t i t u t e d  b e n z o i c  a c i d s  fo rm  no e s t e r  when t h e i r  m e th y l  
a l c o h o l i c  s o l u t i o n s  a r e  s a t u r a t e d  w i t h  h y d ro g e n  c h l o r i d e  and 
a l lo w e d  t o  s t a n d  d u r i n g  t w e lv e  h o u r s  a t  0° , w h e r e a s  b e n z o i c  
a c i d  u n d e r  t h e s e  c o n d i t i o n s  g i v e s  a 97h y i e l d  of t h e  m e th y l  
e s t e r .  Moreover  he  fo u nd  t h a t , even  when b o i l i n g  a l c o h o l i c  
s o l u t i o n s  o f  t h e s e  a c i d s  a r e  s a t u r a t e d  w i t h  h y d r o g e n  c h l o r i d e  
f o r  many h o u r s ,  e s t e r i f i c a t i o n  i s  n o t  d e t e c t a b l e  i f  t h e  two 
o r t h o  g ro u p s  a r e  ! 0 a , 01, Br o r  I , and  o n ly  s l i g h t  when OH,
1 . o r  alley 1 .  G o ld sc h m id t  ( 2 ),.  H e l l a s  (3)  and H i n d i e r  (4)  
have  a l s o  shown t h a t  e s t e r i f i c a t i o n  ( B i s c h e r - S p e i e r  method) 
i s  r e t a r d e d  by one o r t h o - s u b s t i t u e n t ; t h i s  w i l l  be s e e n  from 
t a b l e  I  (due  t o  H e l l a s )  which/ shows t h e  p e r c e n t a g e  o f  a c i d  
e s t e r  i f  i e d  d u r i n g  two h o u r s  a t  0° and 51° by  m e th a n o l  co n ­
t a i n i n g  21 o f  h y d ro g e n  c h l o r i d e .
M ic h a e l  and  O c h s l i n  (5)> i n  1909 ,  o b s e r v e d  t h a t  
e s t e r i f i c a t i o n  i n  t h e  a b s e n c e  of  a  c a t a l y s t  g e n e r a l l y  p r o ­
c ee d s  more r e a d i l y  .w i th  mono- and d i - s u b s t i t u t e d  ( i n c l u d i n g  
o r t h o )  b e n z o i c  a c i d s  t h a n  w i t h  b e n z o i c  ac id*  t h i s .was t h o u g h t
i
t o  c o n t r a d i c t  t h e  r e s u l t s  o f  M e y e r . e t  a l .  u n t i l  t h e  c a t a l y t i c  
e f f e c t  o f  s u b s t i t u t e d  b e n z o i c  a c i d s  was s t u d i e d .  I t  was t h e n  
fo u n d  t h a t ,  a l l  o r t h o - s u b s t i t u t e d  b e n z o i c  a c i d s  a r e  s t r o n g e r  
•ac ids  t h a n  b e n z o i c  a c i d  and g e n e r a l l y  much s t r o n g e r  t h a n  t h e i r  
m eta  and para, i s o m e r  i d e s  ( 6 ) .  . '
TaMe__I.
The p B s t e r i f i c a t i o n  o f  mono-?S u b s t i t u t e d  B en zo ic  Ac i d s .
S u b s t i t u e n t * CH3 : 01 : Br : I  . : 
« *
TCn .-* ha
•
Temperature* „„0' * r- n d .-■> * , - i O  ' 1 ! © I-' . I *  ( 1 © j *  V. 9 © J  „. L B 9
•  e  * - •
0° : ’ 51° : 0° : 51 :
A •  «fr » «
O ' r-->©0 : a l  :
O r t h o .  : 7 . 8 : 4 8 . 3 :  4 . 8 :  5 0 .9 ;
a
3 * 2 :
* 0 0
4 3 .4 :  6 . 9 :  2 0 .5 :
*  *  * 
•  ■ * •
2 .5 :  8 . 6':.-
•  ©
*  *
Meta.  : 
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9 - 7 : 7 7 . 1 : 1 0 . 7 : 7 2 . 9s
a * « •
9 . 2 :
*•
• * «
6 6 . 6 : 1 4 . 5 :  57«6 : * • *
s *
9 . 9 : 3 7 . 1 :« • • •
~0 p-y^ o *-CvJL c-i. • 9
• © » *
8 . 9 : 7  5 • 6 ^  8 . 3 : 7 0 . 5 :
© * » «« # © »
7 . 4 :
*
© • * «
6 1 . 0 : 1 3 . 5 : 5 2 . 9 :* * » o « •
9 ‘: 1 : 5 7 . 1 :
B e n z o ic  : 8 . 4s 82 .  5;
a c i d ,  : :
■ I t  i s  i n t e r e s t i n g  . to  n o t e  t h a t  t h e  s i l v e r ,  s a l t s  o f  
d i o r t h o - s u b s t i t u t e d  b e n z o ic  a c i d s  r e a c t  r e a d i l y  w i t h  a l k y l  
i o d i d e s  t o  fo rm  e s t e r s  ( 7 ) .
Though t h e r e  h a s  b e e n  c o n s i d e r a b l y  l e s s  work 
c a r r i e d  ou t  on t h e  h y d r o l y s i s ' o f  o r t h o - s u b s t i t u t e d  b e n z o a t e s  
a  few o b s e r v a t i o n s  by Y.Meyer ( 1 ) ,  on d i o r t h o - s u b s t i t u t e d  
e s t e r s ,  and by H e l l a s  ( 3 )> on m o n o - o r t h o - s u b s t i t u t e d  e s t e r s ,  
have  shown t h a t ,  t h e  r a t e ,  o f  a l k a l i n e  h y d r o l y s i s  o f  t h e s e  
e s t e r s  i s  l e s s  t h a n  t h a t  o f  t h e  c o r r e s p o n d i n g  s u b s t i t u t e d  
b e n z o a t e s  i n  which  t h e  o r t h o  p o s i t i o n s  a r e  f r e e .  A l s o ,  
e x p e r i m e n t s  by K e l l  a s  ( 8 ) shown . in  T a b le  I I ,  and more 
r e c e n t l y  by B la k e y ,  McOombie a n d •' S c a rb o r o u g h  (9)  and E vans ,  
C-ordon and  h a t  son ( 1 0 ) ,  have  shown t h a t  sap o n i f  i  c a t  i  on o f  a
3s u b s t i t u t e d  b e n z o a t e  i s  a c c e l e r a t e d ,  i n ' c c r a p a r i s o n  w i t h  
t h e  c o r r e s p o n d i n g  u n s u b s t i t u t e d  e s t e r ,  by  a  h a l o g e n ,  n i t r o  
o r  c a r b o x y l  'g roup ,  even  i n  t h e  o r t h o  p o s i t i o n ,  b u t  i s  r e t a r d e d  
by a m e thy l  o r  methoxy g r o u p . ■
T a b le  I I .
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V.Meyer (1)  c o n c lu d e d  t h a t ,  a s  t h e  e s t e r i f i c a t i o n  
of  s u b s t i t u t e d  b e n z o i c  a c i d s  i s  r e t a r d e d  by b o t h  " p o s i t i v e 11 
an d Ttn e g a t i v e tf o r t h o - g r o u p s ,  p o l a r  i n f l u e n c e s  can  n o t  a c c o u n t  
f o r  t h i s  Tto r t h o  e f f e c t " ;  b u t ,  s i n c e  t h e  g ro u p s  which  p r e v e n t  
e s t e r i f i c a t i o n  a t  t h e  h i g h e r .t e m o e r a t u r e s  "are l a r g e r  ( t h e i r  
s i z e  m e a su re d ,  he su p p o s e d ,  by t h e  sum o f  t h e  w e i g h t s  o f  t h e  
a tom s p r e s e n t ) t h a n  t h o s e  w h i c h ' p r o d u c e  t h i s  e f f e c t  o n lv  a t
4low t e m p e r a t u r e s ,  he s roges teo  t h a t  r e t a r d a t i o n  i s  d::e t o
t h e  o r b  o -g ro an s  b e in g  i n  c lo s e  r e  o x i n i i y  to  th o  re.wet i o n
c e n t r e  end so hinc e r i n g  t i e  f o r m a t io n  of t l x  J a d d i t i o n
c o x x le x :i whie.h i s  n e c e s s a r y  f o r  r e a c t i o n .  :o' :e?er ,  t h i s
s t e r i c  h in d r a n c e  t h e o r y  cannot  d u l l y  e x p l a i n  why l i t t l e
d i f f e r e n c e  i n  v e 1 o c i t y  c o n s t  a n  a; i s  observed when a. l a r g e r
a l b g l  group i s  s u b s t i t u t e d  f o r  r e t r y  1 ; a. a. t h e  v e l o c i t y
c o n s t a n t s  a t  15° f o r  t h e  e s t e r i f i c a t i o n  by r e t h a n o l  of t a g
f o l lo w in g  o enso ic  a c i d s  a re  ( 1 1 ) : -
o-> ‘e th y l  0 .092 ;  fchy 1 a. 056; o -P ro py l  :•. 043.
t h e  n o n -v a l id i 'h .  of t b . s  i n f e r o r c t r ? t i a n  s x s  f u r t h e r
emphasised h;g t h e  d i s c o v e r y  fd-at,  i n  some c a s e s ,  a h ig h
energy of  a c t i v a t i o n  i s  a s s o c i a t e d  with, r e a c t i o n s  r e t a r d e d
by o r i h o - s ' h s t i t x o  h ;s .  bow, i f  t h i s  r e t a r d a t i o n  i s  das
s o l e l y  t o  a s t e r i c  e f f e c t  s m a l l e r  va lr .e s  of t h e  p r o b a b i l i t y
f a c t o r  P r a t h e r  t h a n  l a r g e r  v a l u e s  of  th e  a c t i v a t i o n  energy
-£ /
15, .of t h e  A r r h e n i r s  e q u a t io n  lc==pte RT , shou ld  be o bse rv ed .  
rinshe lw ood  and r e g a r d  ( I f )  have shewn t h a t ,  i n  t h e  e s t e r -  
i f i c a t i o n  of  £ - n i t r o b e  n z o i  c and 4 . o . t r i i x e t h y l b e ^ s o i c  a c i d s ,  
t h e  v a l u e s  f o r  ' x t h  I and P a re  much h i g h e r  t h a n  t h e  c o r r e s ­
p ond ing  v a l u e s  f o r  t h e  e s t e r i f i c a t i o n  of b e n z o ic  a c i d s  w i th  
no o r t h o - s u o s t i t u e n t s .  A s i m i l a r  i n c r e a s e  i n  :• and P was a l s o  
observed  i n  t h e  a c i d  h y d r o l y s i s  of e t h y l  £ - n i l r o o e r s o s t e  ( 1 3 ) • 
I n  c o n t r a s t ,  Iv a n s ,  G-ordon and Gat son ( l r ) showed 
t h a t , i n  t h e  a l h a l i n e ' h y d r o l y s i s  of s u b s t i t u t e d  e t h y l  b e n z o a te s  
i n  35a e t h y l  a l c o h o l ,  meta and oa ra  s u b s t i t u e c t o  on ly  change
vT
E, P r e m a i n i n g  a lm o s t  c o n s t a n t ;  h o w e v e r , moving a  g i v e n  
. s u b s t i t u e n t  f rom t h e  p a r a  t o  o r t h o  p o s i t i o n  o n ly  e f f e c t s  'E 
s l i g h t l y  b u t  P g r e a t l y .  T h i s  w i l l  be  s e e n  f rom  T a b le  I I I .
T a b le  I I I . ;
R e l a t i v e  E f f e c t s  o f  G-roiros i n  o-  and  p - P o s i t  i o n  s .  '
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W h i l s t  s e e k i n g  an. e x p l a n a t i o n  o f  t h e  no r t h o  e f f e c t 11, 
t h e  e a r l y ,  t h e o r i s t s  o v e r l o o k e d  t h e  i m p o r t a n c e  o f  t h e  p o l a r  
i n f l u e n c e s  o f  s u b s t i t u e n t s  and t h e i r  t r a n s m i s s i o n  f rom  t h e  
v a r i o u s  p o s i t i o n s  i n  t h e  a r o m a t i c  n u c l e u s ;  a l s o ,  t h e y  l a c k e d  
a c o m p le te  u n d e r s t a n d i n g  o f  t h e  mechanism o f  r e a c t i o n s  w i t h  
p a r t i c u l a r  r e f e r e n c e  t o  t h e  . e x a c t  n a t u r e  and d i m e n s io n s  o f  
t h e  t r a n s i t i o n  s t a t e  o f  r e a c t i o n .  When t h e  p o l a r  i n f l u e n c e s  
of  s u b s t i t u e n t  g r o u p s ,  on t h e  b i m o l e c u l a r  r e a c t i o n  mechanism, 
a r e  c o n s i d e r e d  some o f  t h e  e x p e r i m e n t a l  r e s u l t s  o b s e r v e d  can  
be e x p l a i n e d ,  e . g .  t h o s e  o f  W e l la s  ( T a b le  I I ) .  n e v e r t h e l e s s ,  
no. c o m b in a t io n  o f  p o l a r  i n f l u e n c e s  o f  t h e  u s u a l  k i n d  can  
w h o l ly  a c c o u n t  f o r  a l l  t h e  r e s u l t s  o b t a i n e d  by G-oldschmidt , 
K e l l a s  e t  a l . ;  n e i t h e r  i s  t h e r e , any s im p le  r e l a t i o n s h i p  
b e tw ee n  t h e  r e l a t i v e  e f f e c t s  o f  g r o u p s  i n  t h e  o r t h o  p o s i t i o n  
and t h e i r  t r u e  w e i g h t s  and v o lum es .  •
Owing' t o  t h e  a p p a r e n t  c o n n e c t i o n  o f  t h e  no r t h o  
e f f e c t 11 w i t h  e l e c t r o n  d o n a t i n g  g r o u p s ,  v i z .  COR and 000R, 
Watson e t  a l .  (14)  s u g g e s t e d  t h a t  t h e  e f f e c t  may have  i t s  
o r i g i n  i n  a  c h e l a t i o n  p r o c e s s .  O l i v i e r  (15)  f i n d s ,  f o r  
i n s t a n c e , ,  t h a t  c h i l e  t h e  h y d r o l y s i s  o f  b e n z o y l  c h l o r i d e  i s  
g r e a t l y  r e t a r d e d  by two. o r t h o  b rom ine  a toms t h a t  o f  b e n z y l  
c h l o r i d e  i s  n o t .
Watson e t  a l .  d i d  n o t  s u g g e s t  t h a t  o r t h o - s u b s t i t u t e d  
b e n z o a t e s  a r e ,  i n  g e n e r a l ,  c h e l a t e d  i n  t h e i r  n o rm a l  r e s t i n g  
s t a t e ,  a s  w i t h  p h e n o l s ,  b u t  t h e y  c o n s i d e r e d  t h a t  when t h e  
m o le cu le  i s  e n e r g i s e d  and e x i s t s  a s  a t r a n s i t i o n  complex i t '  
i s  n o t  u n l i k e l y  t h a t  t h e  u n s h a r e d  e l e c t r o n s  o f  t h e  c a r b o n y l  
oxygen form  a  h y d ro g e n  bond w i t h  say  an  o - m e th y l  g r o u p . '
S in c e  t h e  a t t a c k  o f  a n u c l e o p h i l i c  . r e a g e n t  ( e . g .  OH") i s  a t  
t h e  c a rb o n  atom, t h e  e n e rg y  o f  a c t i v a t i o n  should, n o t  be 
g r e a t l y  ch anged ,  h ow ever ,  sh o u ld  t h e  c h e l a t i o n  p r o c e s s  a s s i s t  
t h e  e l e c ’u ro m er ic  change C = “0 E w i l l  be r e d u c e d  s l i g h t l y .
I n  e s t e r i f i c a t i o n  t h e  a t t a c k ,  o f  t h e  a c i d  c a t a l y s t  i s  a t  t h e  
c a r b o n y l  oxygen and  w i l l  be r e n d e r e d  l e s s  e a s y  by t h e  h y d ro g e n  
bond, t h u s  E w i l l  be r a i s e d .  The low v a l u e  of  P can  be 
exp la ined ,  i f  t h e  c h e l a t i o n  p r o c e s s  c a u s e s  a  r e d i s t r i b u t i o n  
o f  c h a r g e s  so t h a t  t h e  r e a c t i o n  c e n t r e  ( c a r b o n y l  oxygen) 
becomes l e s s  n e g a t i v e l y  c h a r g e d ,  and s i n c e  i t  i s  known t h a t  
a  h i g h  v a l u e . o f  P i s  c h a r a c t e r i s t i c . o f  a n  i o n i c  r e a c t i o n  i t  
i s  p o s s i b l e  t h a t ' a  sm a l l  c h a rg e  w i l l  g i v e  a low v a l u e  f o r  P .
I n  t h i s  c o n n e c t i o n  i t  i s  i n t e r e s t i n g  t o  n o t e  t h e
1a b se n c e  of  an  f!o r t h o  e f f e c t ” w i t h  t h e  o r t h o - f l u o r o .  group 
( f a b l e  I I I ) ,  t h i s  i s  p o s s i b l y  due t o  t h e  i n a b i l i t y  o f  t h e  
f l u o r i n e  atom t o  expand I t s  v a l e n c y  group beyond e i g h t  e l e c t r o n ,  
The whole  c o n c e p t  o f  s t e r i c  h i n d r a n c e  h a s  b e e n  
c l a r i f i e d  d u r i n g  t h e  l a s t  d ecade  by t h e  c l a s s i c  work (16)  o f  
t h e  H u g h e s - I n g o ld  s c h o o l  who, hy c a r e f u l  s t u d y  o f . t h e '  . 
mechanisms o f . s im p le  r e a c t i o n s ' o f  a l k y l  h a l i d e s  and a l k y l  
ammonium’s a l t s , have  f i r m l y  e s t a b l i s h e d  two d i s t i n c t  
mechanisms f o r  n u c l e o p h i l i c  s u b s t i t u t i o n  (17) v i z . : -
The B i m o l e c u l a r  Mechanism 2 . .
Y: +  ■ H—X—------------- >- Y - S -  H- .:X
e . g .  H0"J +  H— C l— ■> HO.. . R . . ! l  V K O -R  -*• c f  ■
I n i t i a l  s t a t e .  T r a n s i t i o n  s t a t e .  ■ f i n a l  s t a t e .
The Unimole  c u l a r  he  chan ism  c h i .
E —X— v  E -v- :X f o l l o w e d  by Y: R+------- > Y— R
slow * - r a p i d
e . g .  R — 01------- > R .  . . C l  > -+- Cl ( s l o w ) ,  f o l l o w e d  by
R+ OH > H — OH ( r a p i d )
I n  1946 t h i s  c o n c e p t  o f  t h e  d u a l i t y  of  mechanism 
was a p p l i e d  by l o s t r o v s k y , Ilughes'  and I n g o l d  (18)  t o  r e a c t i o n s  
of  a l k y l  h a l i d e s  i n  w h ich  o n ly  s t e r i c  i n f l u e n c e s  were l i k e l y
t o  be o p e r a t i v e .  . f o r  t h i s  t h e y  chose  t h e  a l k y l  g r o u p s • (M e- ,
Me. 0Ha - , Me. Cha . CH* - ,  Me*. OH. Oh? - ,  Me3 0. OHj - )  i n  w h ich  t h e  
p o l a r  e f f e c t s  a r e  r e d u c e d  t o  n e g l i g i b l e  p r o p o r t i o n s  b y . r e l a y
*t h r o u g h  a  s a t u r a t e d  c a r b o n  atom and whose s t e r i c  e f f e c t  i s  
c o n s i d e r a b l e .  The h y d r o l y s i s  and e t h o l y s i s  o f  t h e s e  h a l i d e s ,  
u n d e r  such c o n d i t i o n s  t h a t  t h e  r e s u l t s  o f  t h e  u n i -  and  b i ­
mole c u l a r  r e a c t i o n s  c o u ld  be s e p a r a t e l y  d e d u ce d ,  showed t h a t  
o n ly  t h e  b i m o l e c u l a r  mechanism (3^2)  i s  s u b j e c t  t o  s t e r i c  
h i n d r a n c e  and t h a t  s t e r i c  b l o c k i n g  i s  n o n - e x i s t e n t  i n  t h e  
c a se  o f  m e th y l  h a l i d e s  b u t  p a r t i c u l a r l y  l a r g e  w i t h  n e o -  
p e n t y l  h a l i d e s .
.Hughes and I n g o l d  s u g g e s t e d  t h a t ,  i n  t h e  t r a n s i t i o n  
s t a t e  o f  t h e  b i m o l e c u l a r  m echanism, f i v e  g ro u p s  a r e  w h o l l y  
o r  p a r t l y  a t t a c h e d  by c o v a l e n c y  f o r c e s  t o  a  s i n g l e  c a r b o n  
atom, a  c i r c u m s ta n c e  w h ich  ’v y  g i v e  r i s e  to. r e p u l s i o n  b e tw e e n  
t h e  g r o u p s .  However,  u n im o le  c u l a r  r e a c t i o n s  s h o u l d  n e v e r  
e n t a i l  t h e  c o v a l e n t  a t t a c h m e n t  ( w h o l ly  o r  p a r t l y )  o f  more 
t h a n  f o u r  g ro u p s  t o •t h e  r e a c t i v e  c a r b o n  a tom, c o n s e q u e n t l y  
s t e r i c  h i n d r a n c e  sh o u ld  be m in im is e d  i n  t h e s e  r e a c t i o n s ;  
th o u g h  B a r t l e t t  and u n o x  ( 1 9 ) h ave  shown t h a t  t h e  u n i m o l e -  
c u l a r  mechanism d o es  n o t  t a k e  p l a c e  when f l a t t e n i n g  o f  t h e  
f r e e  c a rb o n  n a t i o n  c a n n o t  o c c u r .
By c a l c u l a t i o n  o f  t h e  a p p r o p r i a t e  d i s t a n c e s  be tw een '  
a toms and r a d i c a l s  and t h e i r  r a d i i  i n  t h e  t r a n s i t i o n  s t a t e ,  
t h e  m os t  f a v o u r a b l e  c o n f i g u r a t i o n ,  f o r  :w hich ::is'.-when t h e  
e n t e r i n g  and l e a v i n g  g ro u p s  acid t h e  «£-c a r b o n  atom l i e  on o r  
n e a r  a  s t r a i g h t  l i n e  while t h e  o t h e r  a t t a c h e d  g r o u p s  a r e  on 
o r  n e a r  a p l a n e  p e r p e n d i c u l a r  t o  t h a t  l i n e ,  Hughes and I n g o l d  
were a b l e  t o  p r e d i c t  t h e  p r e s e n c e  o f  s t e r i c  h i n d r a n c e ,  d u r i n a
9M m o l e c u l a r  s u b s t i t u t i o n ,  by  a l l  t h e  above g r o u p s  ( p a r t ­
i c u l a r l y  n e o - p e n t y l )  e x c e p t  m e th y l .
B e f o r e  d i s c u s s i n g  t h e  r e s u l t s  o f  t h e  p r e s e n t  work 
i t  i s  n e c e s s a r y  t o  c o n s i d e r  t h e  r e l e v a n t  e x p e r i m e n t a l l y  
e s t a b l i s h e d  m echanism s f o r . t h e  a c i d ,  n e u t r a l  and a l k a l i n e  
h y d r o l y s i s  o f  e s t e r s ,  a s  e n u m e ra te d  by Bay and I n g o l d  ( 2 0 ) :  •
B i m o l e c u l a r  B a s i c  H y d r o l y s i s  w i t h  A c y l -o x y g e n  .f i s s i o n  (B ! 2)
0 , s low -0
E(f  4- h d  Oh ^ ^  ho— 0 ^  -4 OR'
RV f a s t  ^ R 1
(R l .CO. OH 4  OR ------------->  R f . 0 0 .  Cf 4  HOR)
The m a j o r i t y  o f  e s t e r s  a r e  h y d r o l y s e d  by t h i s  
mechanism, w h ich  shows c o n s i d e r a b l e  s e n s i t i v i t y  t o  s t e r i c  
i n h i b i t i o n .
TTn i m o l e c u l a r  Ac id  H y d r o l y s i s  w i t h  A c y l -o x y g e n  f i s s i o n  (Af l ) .
+ f a s t
R ’ OO.OR 4  H ^ ________I'JH- R* . CO. 01-IR
f a s t
^ s low  + ■
E>. CO. OHH v R' . CO +- HOR
f a s t
4. f a s t  v 4
E h  CO 4  OH, ^ ............ ... -..—  R! . 00. OH.,
s low j
4  f a s t
R'.COiOHj .. ........ .....  .R t . 00. OH H+
f a s t
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T h is  mechanism o n ly  o p e r a t e s  when t h e r e  i s  a  
s u f f i c i e n t l y  p o w e r f u l  e l e c t r o n  r e l e a s e  f rom  r a d i c a l  H1 t o
g iv e  r e a s o n a b l e  s t a b i l i t y  t o  t h e  acyliuun i o n  e . g .  a s  i n
s~X 'y^-G O  , and i n  a  good s o l v e n t  f o r  t h e  h e t e r o l y s i s  
o f  t h e  e s t e r  ram ion.  [ h ! . GO. OHrJ e . g .  s u l p h u r i c  a c i d .  I n  
t h e  work o f  T r e f f e r s  and Hammett (21) t h e s e  two c o n d i t i o n s  
were  r e a l i s e d  and t h e y  o b s e r v e d  t h a t  a  f r e s h l y  p r e p a r e d  
s o l u t i o n  o f  m e th y l  -2 . 4 . 6 . t r i m s t h y l b e n z o a t e , i n  s u l p h u r i c  
a c i d ,  on b e i n g  im m e d ia t e l y  p o u r e d  i n t o  w a t e r  g i v e s  a q u a n t ­
i t a t i v e  p r e c i p i t a t e  o f - 2 . 4 . 6 . t r i m e t h y l b e n z o i c  a c i d , :w h e re a s  
m e th y l  b e n z o a t e  on s i m i l a r  t r e a t m e n t  r e m a in s  a l m o s t  c o m p l e t e l y  
u n h y d r o l y s e d .  O ry o s c o p ie  e v id e n c e  s u g g e s t s  t h a t  t h i s  i s  
due t o  t h e  v e r y  r a p i d  and c o m p le te  f o r m a t i o n  o f  t h e  2 . 4 . 6 . 
t r i m e t h y l b e n z o y l  c a t i o n  i n  s u l p h u r i c  a c i d .
B i m o l e c u l a r  A c id  H y d r o l y s i s  w i t h  A c y l -o x y g e n  f i s s i o n  (A* 2 ) .
r a s u  +
R ’ .OO.OR -f It —  R 1 . CO. PER
h f a s t  ■ H .
( V  + slow  ^ • J )
■ H ^ o  . +  y-om .y: +  h q
B r  slow X LR!
f a s t
R ’ .GO.OHj ^  R ’ .CO.OH 4- H
f a s t
T h i s  mechanism a p p l i e s  t o  t h e  m a j o r i t y  o f  e s t e r s  
and l i k e  B 1 2 i s  'S e n s i t i v e '  t o  s t e r i c  h i n d r a n c e .
I I
T Jn im o le  c u l a r  A c id  H y d r o l y s i s  w i t h  A l k y l - o x y g e n  F i s s i o n  (Anl )
f a s t  4.
R ? .00* OR +  H R ’ .CO-. OHR
' f a s t
s i  ow
R'.CO.OHH -  — -  R' . 00. OH +■ R+
f a s t
+f a s t
R -+* Oiia -v 1 11* OH.
slow
f a s t +R . 0: ^  'v  --------------------  -1 * OH . H
f a s t
t h i s  mechanism o n ly  p r e d o m i n a t e s  when R h a s  s t r o n g  
e l e c t r o n  r e l e a s i n g  p r o p e r t i e s  and i t  a p p e a r s  t o  he  l i t t l e  
s e n s i t i v e  t o  s t e r i c  h i n d r a n c e  f o r  Oohen and S c h n e i d e r  (2’2) 
o b s e r v e d  t h a t  y - b u t y l  2 . 4 .  6 . t r i m e t h y l b e n z o a t e  t h o u g h  s t a b l e  
t o  a l k a l i s  i s  r e a d i l y  h y d r o l y s e d  by a c i d s .  As t h e y  had  a l s o  
fo u n d  t h a t  t h i s  e s t e r  and y - b u t y l  b e n z o a t e  when r e f l u r e d  w i t h  
a n h y d ro u s  m e th a n o l  y i e l d e d  t h e  c o r r e s p o n d i n g  a c i d  and m e th y l  
y - b u t y l  e t h e r ,  and s i n c e  t h e  l a t t e r  m ust  have  b e e n  fo rm ed  by 
a l k y l - o x y g e n  f i s s i o n  v i z .  R.COO-R1 -+* R” 0H —— R.COOH -H R ! OR11, 
t h e y  c o n c lu d e d  t h a t  mechanism Anl  i s  o p e r a t i v e  f o r  a c i d  
h y d r o l y s i s  o f  y - b u t y l  2 . 4 *6 . t r i m e t h y l b e n ' z o a t e .
I n  o r d e r  t o  d e f i n e  more c l e a r l y  t h e  c o n d i t i o n s  
u n d e r  whi.ch t h e s e  v a r i o u s  m echanism s a p p l y  t o  t h e  h y d r o l y s i s  
o f  d i o r t h o - s u b s t i t u t e d  b e n z o a t e s  a  s t u d y  o f  t h e  . h y d r o l y s i s  
o f  e s t e r s  o f  b e n z o i c ,  2 , 4 *■ 6 . t r i m e t h y l b e n z o i c  and 2 .j5. x y l i c  
a c i d s ,  u n d e r  v a r y i n g  c o n d i t i o n s ,  h a s  b e e n  made, and  t h e  r e s u l t s  
a r e  now p r e s e n t e d  i n  T a b l e s  I Y - X V I I I . '
R e a c t i o n s  of  E s t e r s  o f  B e n z o i c , ' 2 . 4 * 6 . t r i m e t h y l b e n z o i c
m i . 2 » o . X y l i c  A c id s .
f a b l e  IV
f i t h ' 51 Sodium H y d ro x id e .
E s t e r .  : f  eniD. : l i m e . . a: /o A c id  :% E s t e r
( S l i g h t l y s o l u b l e ) .  % ° n : h r  s . : iss o l a t e d .  : r e c o v e r e d .
n - B u t y l  I b e n z o a t e . ; ; 100 : 20 . 33 s 62
y - B u ty l J
9
100 20
•
a•
ft
12 ■ ;  : 82
M ethyl • 100
*
20
ft
ft M il .  s 82
n - B u t y l 2 .4 * 6 .  ; 100 : '20 ftft M il .  s 96
y - B u t y l ‘t r i m e t h y l 1 100 : ■ 20 ft M i l .  : 90
( + ) p-O c ty l , b e n z o a t e . : ■100 ■: 20 ftft M i l .  : 90
y - B u t y l  2 . S . x y l a t e .  : 100 ♦ * 
+
ro 0 ft M l .  : 100
1 a b l e  V.
With 41 A l c o h o l i c  P o ta s s iu m . H y d r o x i d e .
E s t e r .  : T ernp. : Time. : A A c id  :% E s t e r
( 0onrp 1 e t  e 1 y so lu b  1 e ).: °c~. : h r  s . s i s o l a t e d .  : r e c o v e r e d .
n - B u t y l  *1 b e n z o a t e .  : 80
*•
:5  m ins
**
ft »
•
96 : U i l .
y - B u t y l J 80 :5  m ins •<» « 98 : E i l .
Methyl  
M ethyl  
n - B u t y l  
n -B uty l .  : 
y - B u t y l  {
(+ Jp-Octy l^
2 . 4 . 6 . "
t r i m e t h y l
b e n z o a t e .
y - B u t y l  2 . 6 . x y l a t e
80
80
80
80
80
80
80
3
12
3
12
12
12
12
80 
95 
50 
90 
■ 5 
21
14 
i l*_
&QQ
S71
A
8o8RA^-
With 101 Hydrochioric Acid .
E s te r . .  : Temp. 
( S l i g h t l y  s o l u b l e ) ♦ : °0 .
Time, 
h r  s .
% A c id  i% E s t e r  
i s o l a t e d .  : r e c o v e r e d .
Methyl  ■ ^ : 20 40
••
I ' l l .  r '97
n - B u t y l 2 . 4 *6 . : 2 0 . 40 M i l . : 95
\j - B u t y l r t r i m e t h y l :  20 15 71 : 29
y - B u t y l b e n z o a t e . :  20 25 ‘ 8 6 . : 14
y - B u t y l : 20 40 98 : l i l .
( - O p -O c ty l : ' 20 40 M i l .  : '  .91
y - B u t y l  1 2 . 6 . s y l a t e . : 2 0 5 83 : 17
y - B u t y l J : 20 8 100 : l i l .
T a b le  V I I .
With  51 Hy'I r o c h l o r i c A c id .
E s t e r .
..s
Tenro. Time. $4 A c id % E s t e r
( S l i g h t l y s o l u b l e ) . On'>J * h r  s . i s o l a t e d . r e c o v e r e d .
Methyl 100 l i 3 94
Methyl 100 60 ^ 46' 35
n - B u t y l . 100 l y n i l . 98
n - B u t y l 10 0 ' 60 l i l . 94
y - B u t y l 20 50 ■ 19 73
y - B u t y l 2 *4 *6 . 50 5 22 72
y - B u t y l  ; ' - t r i m e t h y l 100 _L 24 71
y - B u t y l b e n z o a t e . 100 34 69 28
y - B u t y l 100 1 94 4
y - B u t y l . . 100 1+ 9 9 .5 l i l .
(i- )P - O c ty l 100 ‘ ^ 4 . .92(■Op- O c ty l 100 60 l i l . 92
y - B u t y l ] 100 5 m in s . 60 38
y - B u t y l  I  2 . 6 . xy1a t  e . 100 4- 93 l i l .
y - B u t y l J 100 98 l i l .
" t
T ab le  V I I I .
W ith  l / 2 H y d r o c h l o r i c  A c id .
E s t e r .
( S l i g h t l y  so t u b l e ) .
TempO r\\j •
?ime. 
h r  s,
% A c id  
i s o l a t e d .
A .43 t e r  
r e c o v e r e d .
M e t h y l . 
M ethy l  
n - B u t y l  
y - B u t y l  
y - B u t y l  
y - B u t y l  
(* ) j i -Octy lJ
y - B u t y l ^
y -B u ty l
y -  
y-
2 . 4 . 6 . :
t r i m e t h y l  
b e n z o a t e .
' 2 . b . x y l a t e .
100 6 N i l . 87
100 ■ 20 N i l .  . 96
100 20 N i l . 95
100 6 29 56
100 15 67 22
100 20 90 N i l .
100 020 0 .6 87
100 : 6 60 ' . 34
100 10 o4 N i l .
100 12 90 . a 1 1 .
100 15 94 N i l .
T a b le  I S .
f i t h  M/2 H y d r o c h l o r i c  A c id  i n  D io x an  S o l u t i o n ,
E s t e r .
( C o m p le te ly  s o l u b l e )
Temp. orr Time.h r  s .
% A c id  i% E s t e r  
. i s o l a t e d .  : r e c o v e r e d .
M ethyl 100 20 N i l .  : •94
n - B u t y l 100 20 N i l .  : 95
y - B u t y l 2«4*o. 100 1 32 : 61
y - B u t y l > t r i m e t h y l • 100 3 i 73 s 15
y - B u t y l b e n z o a t e . 100 4 85 : 13
y - B u t y l 100 5 91 t N i l .
y - B u t y l 100 ■ 6 92 : N i l .
y - B u t y l ' r&0 6 .  x y l a t  e . - 100 ' p-LC-Ar 75 : 23
y - B u t y l 100 • 3 100 : N i l .
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T a b le  X. 
With .Anhydrous Bonn ie  A c i d /
( Complet
B s t  e r . : 
e l y  s o l u b l e ) !
Temn .  
°0.
T in e .  : % A c id  %%- E s t e r  
h r s .  : i s o l a t e d .  : r e c o v e r e d .
M ethyl
•
* 20
•  •
200 : M i l .  . : 91
‘ e t h y l * 100 4 s 80 •: 13
M ethyl • 100 6 : 91 : M i l .
m ethy l , 100 ' 8 : 95 :■ S ' i l .
n - B u t y l • 20 . 200 : M i l .  : 95 '
n - B u t y l •• 100 - 1 : 43 s 43
n - B u t y l  . 2 .4 * 6 .  ; 100 2 : 61 : 37
1 ;  B u ty l - t r i m e t h y l : 100 5 : . 91 : 7
n -B u ty l- 1 b e n z o a t e . : 100 6 . : • 92 : 6
n - B u t y l . •• 100 ■ 8 : 94 : 5
y - B u t y l «• 20 1 : 95 : M i l .
1+ )p - Oc ty l • 20 200 : M i l .  . : 89
(-V ) p - O c t y l • 100 i  : 19 : 76
(■+ )p -  O c ty l •• 100 6 : 86 : M i l .
(+ )p - O c ty l */
0
100 8 : 92 : M i l .
y - B u t y l  -]
0
0
0 20 -f : 80  : 17
y - B u t y l 00 20 y  : 88 : 10
y - B u t y l " 2 . 6 . xy1 a t  e . : 20 1 : 95- : l i l .
y - B u ty l •» 20 8 : v 96 • : M i l .
T a b le  X I .
With 9 0 t  Form ic  A c id .
E s t e r . Temp. * l i m e . % A c id fo E s t e r
(C o m p le te ly  s o l u b l e ) °0 .  : h r  s . i s o l a t e d . r e c o v e r e d
M ethy l *\
•
100 6' 1 81 17
■Methyl 100 : 8 82 15
M ethy l ■ 100 : 12 88 M i l .
M ethyl 100 : 15 94 M i l .
M ethyl 100 : 20 90 , M i l .
■.n-Butyl 100 : . 8 65 35n - B u t y l 2 . 4 . 6 . 100 : 20 90 8
n - B u t y l v t r i m e t h y l 100 ' : 30 91 M i l .y - B u t y l 1 h e n 20a t e . 20 : 1 • / 74 22y - B u t y l 20 : I ? ■ 84 12y - B u ty l 20 : 2 85 12
y - B u t y l 20 ' : 5 : 99 M i l .
(■+ )p - O c t y l 100 : 20 90 M i l .
(4 ) p - O c t y l J 100 : 25 100 l i l .
y - B u t y l ' 20 : 1 60 34y - B u t y l  ,. 2 . 6 . x y l a t e . 20 : 2 . 68 26y -B u t y l _ 20 : 5 100 - • M i l .
T a b le  I I I .
r i th  50% Form ic  A c id .
E s t e r .
( S l i g h t l y  s o l u b l e ) .
Tenro. 
0 C.
Tim e. 
h r  s .
A Acid  
i s o l a t e d .
0 E s t e r  
r e c o v e r e d .
Methyl 100 40 5. 86
n - B u t y l 100 15 111 . : 99
n-r B u ty l 1 0 0 . 40 N i l . 94
y - B u ty l 20 24 5- . 88
y - B u t y l 2 . 4 . 0 . 20 430 40 49
y - B u t y l - t r i m e t h y l 50 ■ w N i l . 97
y - B u t y l b e n z o a t e . 100 5 mi u s . 29 63
y - B u t y l - 100 _L 100 t i l .
y - B u t y l 100 Or 98 : N i l .
( t  )p - O c ty l 100 40 B ' f i l . 92
y - B u t y l ' 20 15 9 8 4
y - B u t y l - 2 . . 6 . x y l a t e . 50 2 21 78
y - B u t y l  . 100 5 mi u s . 96 N i l .
T a b le  S H I .
With G l a c i a l  A c e t i c  A c i d .
E s t e r .
(0 omp1 e t  e l y  s o l u b l e )
Tenro.
°c f . .
Time, 
h r  s .
% A c id  t% E s t e r  
i s o l a t e d .  : r e c o v e r e d .
M ethy l  . ^ 117 40 M i l .  : 93
n - B u t y l 117 40 N i l .  : 95
V -B u ty l 20 24 N i l .  : 94
y - B u t y l 2 . 4 . 6 . 117 1 ' 9 83y - B u t y l  : - t r i m e t h y l 117 6 33 : 58
y - B u t y l  ; b e n z o a t e . 117 15 58 : 38
y - B u t y l  ; 117 30 81 : 14y - B u t y l 117 40 100 X N i l .
( + ) £ -  O c ty l 117 40 M i l . , 87
Y - B u t y l 20 10 2 : 90y - B u t y l 117 8 . 58 : 36
y - B u t y l  1 2 .  0 . ry  1 a  u e » 117 15 81 : 15y - B u t y l J 117 25 92 : N i l .
T ab le '  XIV.
With 901 A c e t i c  A c id .
E s t e r .  
(Completely s o l u b l e ) .
Temp.
®c~.
Time. 
h r  s .
% A c id  
i s o l a t e d .
% E s t e r  
r e c o v e r e d .
M ethyl  ^ 110 40 M i l . 90
n - B u t y l n o •40 ■ M i l . 95
y - B u t y l 2 . 4 . 6 . 110 1 50 43
y - B u t y l y t r i m e t h y l n o . 3 83 7
y - B u t y l 1 b e n z o a t e . 110 4 91 M i l .
y - B u t y l ' 110 6 92 M il .
(~t ) p - O c ty l J 110 40 M il . 89
y - B u t y l  |  2 . 6 . x y l a t e . 110 2 80 16
y - B u ty l  [ 110 .3 100 m i .
T a b le  XV. 
With 501 A c e t i c  A c i d .
E s t e r .
( S1 i  grit l y  s o lub  1 e ) .
Temp.
°cf.
Time, 
h r  s .
A Acid  
i s o l a t e d . '
% E s t e r  
r e c o v e r e d
100 3 ■ M i l . 93
100 3 ' ■ M i l . 94
100 2 78 18
100 . 3 . 98 M i l .
100 3 M i l . 93
100 i 63 23
100 !V 79 21
100 1 96 M il .
100 3 100 M il .
M ethyl  
n - B u t y l  
y - B u t y l  
- B u t y l  
'f  )p -Octyl^I
2 . 4 . 6 .
)■ t r i m e t h y l  
b e n z o a t e .
y - B u t y l 0
y - B u t y l
y - B u t y l
y - B u t y l  > 2 . 6 . x y l a t e .
E s t e r .  : Temp. 
( S l i g h t l y  s o l u b l e ) .  : °C.
T im e. 
h r  s .
% A c id  i% E s t e r  
i s o l a t e d .  : r e c o v e r e d .
M ethyl  ^ : 100 125 M i l .  :■ 92
n - B u t y l 2 . 4 . 6 .  : 100 125 o i l . : 94
y - Baity 1 ‘t r i m e t h y l :  100 125 18 : 76
(*+) p - O c ty l b e n z o a t e . :  100’ • 125 M i l .  : 90
y - B u t y l  "I : 100 ' 30 59 : 37
y - B u ty l  [  2 . 6 .  x y l a t e . . :  100, 40 95 ' : M l . -  .
y - B u ty l  1 : 100 52 97 V  M l .
T a b le  X V II .
With  Anhydrous M e th a n o l .
E s t e r .  : Tenro. Time. .% A c id  i }'o iii s u e r
(C o m p le te ly  s o l u b l e ) : °0 . h r  s . i s o l a t e d . r e c o v e r e d .
Methyl  ^
o
65 120 M l . 98
n - B u t y l 2 . 4 . 6 .  : 65 120 . M l . 94
y - B u t y l ’ t r i m e t h y l : 65 120 M l . 98
( i - )p -O c ty l b e n z o a t e . : 65 120 ■ M l . 91
y - B u t y l  2.
*
6 . x y l a t e . 65 120 M l . 93
ao
T ab le  XVIIX
i i t h  P h e n o l  i n  P a t e r .
B s t e r .  
S l i g h t l y  s o l u b l e ) .
M ethyl  
n - B u ty 3 
y-But^;
( t  Jp-Octyl^
- B u ty l  
- B u t y l
- B u t y l  V2 .6 .  
t y l  
y - B u t y l
2 . 4 . 6 .
t r i m  e t h y l  
b e n z o a t e .
Yy-.ai
y \ 2 B.xylam e.  
y - B u t
Temp.
°cf. •
Time, 
h r  s .
% A c id  
i s o l a t e d .
% B s t e r  
r e c o v e r e d
100 125 M i l . 94
100 . 125 l i l . . 99
100 125 62 30
100 , 125 M i l . 99
' 100 10 75 16
100 15 80 8
100 ' 20 .90 - M i l .
100 30 90 M i l . '  ■
100 40. 91 M i l .
2 1
D i s c u s s i o n  o f  R e s u l t s .
V .M eyer’ s o b s e r v a t i o n  t h a t  e s t e r s  o f  2 . 6 . x y l i c  - and.
2 . 4 . 6 . t r i m e t h y l b e n z o i c  a c i d s  a r e  v e r y  r e s i s t a n t  t o  a l k a l i n e  
h y d r o l y s i s ,  compared w i t h  t h e  c o r r e s p o n d i n g  u n s u b s t i t u t e d  
e s t e r s ,  h a s  b e e n  c o n f i r m e d .  (This w i l l  be s e e n  f rom  f a b l e s  
IV and V which  show t h e  p e r c e n t a g e  h y d r o l y s i s  o f  s u b s t i t u t e d  
and u n s u b s t i t u t e d  e s t e r s  on r e f l u x i n g  w i t h  .aqueous and 
a l c o h o l i c  a l k a l i .  Owing, p r e s u m a b l y ,  t o  t h e  low  s o l u b i l i t y  
of  t h e  e s t e r s  i n  a q u eo u s  a l k a l i  t h e  r e s u l t s  w i t h  t h i s  r e a g e n t  
o n ly  i l l u s t r a t e  t h e  g r e a t e r  r e a c t i v i t y  o f  t h e  - u n s u b s t i t u t e d  ' 
e s t e r s  and f a i l  t o  i n d i c a t e  any d i f f e r e n c e  i n  t h e  r a t e s  o f  
h y d r o l y s i s  o f  t h e  f o u r  e s t e r s  o f  2 . 4 . 6 . t r i m e t h y l b e n s o i c  a c i d .  
However, w i t h  a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  t h e  f o l l o w i n g  
o r d e r  o f  r e a c t i v i t y  and a p p r o x i m a t e  r e l a t i v e  r a t e s  of  h y d r o l y s i s  
were o b s e r v e d : -
M ethy l  }  n - B u t y l  y  p - O c t y l  y  y -B u ty l ,
19 18 4 . 1  ;
As t h e  a l k a l i n e  h y d r o l y s i s  o f  t h e s e  e s t e r s  u n -  • ■ 
d o u b t e d l y  t a k e s  p l a c e  by mechanism B*2, i n  w hich  g ro u p s  
s u p p l y i n g  e l e c t r o n s  i n h i b i t  t h e  a p p r o a c h  o f  t h e  n u o l e o p h i l i c  
r e a g e n t  so d e c r e a s i n g  t h e  r a t e  o f  h y d r o l y s i s ,  and  s i n c e  t h e
t e n d e n c y  f o r  e l e c t r o n  r e l e a s e  i s  i n  t h e  f o l l o w i n g  o r d e r : - .
M ethy l  < n - B u t y l  < j3- O c ty l  ^  y - B u t y l  
i t  i s  r e a s o n a b l e  t o  suppose  t h a t  t h e  c o n s i d e r a b l e  g r a d a t i o n  
o f  r e a c t i v i t y  o f  t h e s e  f o u r  e s t e r s  i s  l a r g e l y  d e t e r m i n e d  by 
t h e  p o l a r  i n f l u e n c e s  o f  t h e  a l k y l  g r o u p s .  A s i m i l a r  o r d e r
of  r e a c t i v i t y  was o b s e r v e d  by S k r a b a l  and H u g e tz  (23)  i n  
t h e  a l k a l i n e  h y d r o l y s i s  of' m e t h y l ,  e t h y l ,  i s o - p r o p y l  and 
y - b u t y l  a c e t a t e s ;  t h e  r a t e  o f  h y d r o l y s i s  o f  t h e  m e th y l  e s t e r ,  
was fou nd  t o  be 120 t i m e s  t h a t  o f  t h e  y - b u t y l .
I t  i s  a d m i t t e d  t h a t  t h e  s i z e  o f  t h e  a l k y l  group 
R, i n  t h e  e s t e r  ( CIi5 )3 C * C O O R , i s  i n v e r s e l y  p r o p o r t i o n a l  t o  
t h e  r a t e  o f  h y d r o l y s i s ,  b u t  h o s t r o v s k y ,  E ughes  and  I n g o l d  
(18) c a l c u l a t e d ,  f o r  s im p le  r e a c t i o n s  o f  a l k y l  h a l i d e s ,  t h a t  
b o t h  t h e  JL- ( e t h y l ,  I s o - p r o p y l , y - b u t y l ) and ( e t h y l ,  n -  
p r o p y l ,  i s o - b u t y l )  m e t h y l a t e d  a l k y l  s e r i e s  e x e r t  a  r e l a t i v e l y • 
weak ( th o u g h  i n c r e a s i n g )  s t e r i c  e f f e c t ,  w h i l e  t h e  m e t h y l  
group e x e r t s  none .  'Thus i t  would  seem u n l i k e l y  t h a t  s t e r i c  
h i n d r a n c e  by t h e  m e t h y l ,  n - b u t y l , j j - o c t y l  and y - b u t y l  g r o u p s ,  
i n  t h e  a l k a l i n e  h y d r o l y s i s  o f  t h e i r  2 . 4 . 6 . t r i m e t h y l b e n z o a t e s , 
c o u ld  a c c o u n t  f o r  t h e  l a r g e  g r a d a t i o n  i n  r e a c t i v i t y  t h o u g h  
p r o b a b l y  t h i s  w i l l  p l a y  some s m a l l  p a r t  su p e r im p o s e d  on t h e  
p o l a r  e f f e c t .
. I t  was t o  be e x p e c t e d  t h a t  d i o r t h o - s u b s t i t u t e d  
b e n z o a t e s ,  f rom  a l c o h o l s  p o s s e s s i n g  a s t r o n g  a b i l i t y  t o  
r e l e a s e  e l e c t r o n s ,  m ig h t  be  somewhat e a s i l y  h y d r o l y s e d ’i n  
a c i d  medium a s  r e a c t i o n  Afll  i s  l i k e l y  t o  p r e d o m i n a t e  o v e r  
A12. T h i s  h a s  b e e n  fo u n d  t o  be so and i s  u n d o u b t e d l y  due t o  
t h e  u n i m o l e c u l a r  h y d r o l y s i s  Anl ,  which  r e l i e s  on a l k y l - oxygen 
f i s s i o n ,  n o t  b e i n g  r e t a r d e d  by s t e r i c  h i n d r a n c e  a s  a r e  A12 
and B ! 2. ; .
The p e r c e n t a g e  h y d r o l y s e s  of  m e t h y l ,  n - b u t y l ,  y -
b u t y l  and ( + ) p - o c t y l  ■ 2 . 4 . 6 . t r i m e t h y l b e n z o a t e s - b y  d i f f e r e n t  
r e a g e n t s ,  shown i n  f a b l e s  .VI t o  XVI, i l l u s t r a t e  p l a i n l y  t h a t  
t h e  y - b u t y l  e s t e r  i s . i n ' e v e r y  c a se  h y d r o l y s e d  f a r  more r e a d i l y  
t h a n  any .of  t h e  o t h e r  e s t e r s ;  t h i s  i s - m o s t  c e r t a i n l y  due t o  
t h e  lo w er  e l e c t r o n  r e l e a s i n g  t e n d e n c y  o f  t h e  p r i m a r y  and 
s e c o n d a ry  a l k y l  r a d i c a l s  compared w i t h  y - b u t y l .  A s i m i l a r  
v a r i a t i o n  was n o t i c e d - b y  S k r a b a l  and H u g e tz  (23)  who fo un d  
t h a t  t h e  r a t e ; - o f  a c i d  h y d r o l y s i s  o f  m e t h y l , e t h y l , i s o - p r o p y l  
and y - b u t y l  a c e t a t e s  was a s  f o l l o w s : -
M e t h y l . ^  E t h y l  y  i s o - P r o p y l  ■ y - B u t y l  '
t h e  r a t e  o f  h y d r o l y s i s  o f  t h e  y - b u t y l  e s t e r  was a b o u t  15% 
g r e a t e r  t h a n  t h a t  of  t h e  m e th y l  e s t e r .  T h i s  i s  due t o  t h e  
h y d r o l y s i s  o f  t h e  p r i m a r y  and s e c o n d a r y  e s t e r s  p r o c e e d i n g  by  
mechanism A’ 2, w h i l e  i n  t h e  c a s e  o f  t h e  ..y - b u t y l  e s t e r  t h e  
f a s t e r  mechanism A”1 p r e v a i l s  due t o  t h e  g r e a t e r '  e l e c t r o n  
r e l e a s i n g  power o f  t h e  y - b u t y l  g ro u p .  T h i s  h a s  a l s o  b e e n  
s h o rn  (24) t o  be t r u e  f o r  t h e  h y d r o l y s i s  o f  t h e  a p p r o p r i a t e  
a l k y l  h a l i d e s  and i t  was f u r t h e r  fo u n d  t h a t  t h e  p o i n t  o f  
minimum - r a t e  ( m e c h a n i s t i c  c r i t i c a l  p o i n t )  v a r i e s  w i t h  r e a c t i o n  
c o n d i t i o n s .  • *
However, a s  t h e  mechanism A* 2 would  be  r e t a r d e d  by 
s t e r i c  h i n d r a n c e  i n  t h e  c a s e  o f  d i o r t h o - s u b s t i t u t e d  b e n z o a t e s ,  
i t  was t o  be  e x p e c t e d  t h a t  t h e  d i f f e r e n c e  b e tw e e n  t h e  r a t e  
o f  h y d r o l y s i s  o f  t h e  y - b u t y l  and t h e  o t h e r  e s t e r s  would  be 
g r e a t e r  t h a n  i n  Sk raba l -  and H u g e t z ’ s work .  T h i s  h a s  b.een 
f o u n d  t o  be so .
S in c e  t h e  e l e c t r o n  r e l e a s i n g  t e n d e n c y  o f  t h e  m e th y l  
group i s  r e l a t i v e l y  s m a l l  i t  was t o  he e x p e c t e d  t n a t  m e th y l
2 . 4 . 6 . t r i m e t h y l b e n z o a t e  would be  l e s s  r e a d i l y  h y d r o l y s e d  t h a n  
t h e  c o r r e s p o n d i n g  n - b u t y l  and ( t ) ^ - o c t y l  e s t e r s .  However,  
i t  was fo u nd  t h a t  t h e  m e th y l  e s t e r  i s  much more e a s i l y  
a t t a c k e d  by 5H h y d r o c h l o r i c  and 50% f o r m i c  a c i d s  ( T a b l e s
V II  and  X) t h a n  t h e  n - b u t y l  and ( h ) £ - o c t y l  e s t e r s .
As t h e  s t r u c t u r e  o f  t h e  m e th y l  e s t e r  i s  so u n ­
f a v o u r a b l e  t o  h y d r o l y s i s  u n d e r  t h e s e  c o n d i t i o n s  i t  i s  con-
y <
s i d e r e d  t h a t  mechanism Anl  i s  n o t  o p e r a t i v e  and t h a t  t h e
i n c r e a s e d  r e a c t i v i t y  o f  t h i s  e s t e r  i s  due t o  t h e  r e l a t i v e l y
sm a l l  s t e r i c  e f f e c t  o f  t h e  m e th y l  g roup  R p e r m i t t i n g  r e a c t i o n
by mechanism A12. I t  i s  a l s o  c o n s i d e r e d  p o s s i b l e  t h a t  t h e
h y d r o l y s i s  o f  t h e  m e th y l  e s t e r  i n  v e r y  s t r o n g  i o n i s i n g  s o l v e n t
v i z .  f o r m i c  a c i d ,  p r o c e e d s  t o  some e x t e n t  by t h i s  l a t t e r
mechanism.
The f a c t  t h a t  a  s e c o n d a r y  o r  t e r t i a r y  a l k y l  e s t e r  
can y i e l d  a  ca rb on iu m  i o n  w hich  i s  s u f f i c i e n t l y  s t a b l e  t o
p e r m i t  of; a  Anl  r e a c t i o n  can  be . e x p l a i n e d  by  h y p e r c o n j u g a t  i  o n .
However, no s t a b i l i s a t i o n  by  r e s o n a n c e  i s  p o s s i b l e  i n  t h e  
m e th y l  ca rb on iu m  i o n ,  i t  f i r s t  becom ing  c o n c e i v a b l e  w i t h  t h e  
e t h y l  i o n  H H . I n  s e c o n d a r y  and t e r t i a r y  a l k y l  g r o u p s
h - c^ 6  +
ft ft
i t  becomes s t i l l  more p r o b a b l e  owing t o  t h e  i n c r e a s i n g  
number o f  c o n t r i b u t i n g ,  s t r u c t u r e s .  Thus,  i f  t h i s  e x p l a n a t i o n  
i s  a c c e p t e d  t h e r e  would  a p p e a r  t o  be v e r y  l i t t l e  l i k e l i h o o d
I S
of h y d r o l y s i n g  m e th y l  2 . 4 . 6 . t r i m e t n y l b e n z o a t e  .oy mechanism Anl .
I n  a d d i t i o n  t o  t h e  s t r u c t u r e  o f  t h e  a l k y l  group R, 
i n  an  e s t e r  R ’ COOE, o t h e r  f a c t o r s  w h ich  e f f e c t  t h e  a c i d
r .
h y d r o l y s i s  of  e s t e r s  a r e  i l l u s t r a t e d  i n  t h e  p r e s e n t  work ,  
f a c t o r s  I n f l u e n c i n g  t h e  R a te  o f . A c id  I l y d r o l y s i s .
Hcid C a t a l y s i s .
When t h e  h y d ro g e n  i o n  c o n c e n t r a t i o n ,  i n  an  a c i d  
c a t a l y s e d  r e a c t i o n ,  i s  so low t h a t  t h e  f o r m a t i o n  o f  - t h e  i n t e r ­
m e d ia te  e s t e r ' c a t i o n ,  by a d d i t i o n  o f  a  p r o t o n ,  i s  h i n d e r e d ,  
so r e d u c i n g  i t s  s t e a d y  s t a t e  c o n c e n t r a t i o n  t o  be lo w  i t s  
no rm al  e q u i l i b r i u m  v a l u e ,  i t  i s  w e l l  known t h a t  t h e  r a t e  of  
h y d r o l y s i s  i s  v e r y  s low.  T h i s  i s  i l l u s t r a t e d  i n  t h e  p r e s e n t  
e x p e r i m e n t s  where  i t  was fo u n d  t h a t  t h e  h y d r o l y s i s  o f • methyl-,  
n - b u t y l  and ( p )p>-octyl  2. 4 . 6 . t r i m e t h y l b e n z o a t e s  ( T a b l e  XVI) 
i s  n o t  d e t e c t a b l e  when t h e s e  e s t e r s  a r e  r e f l u x e d  d u r i n g  125 
h o u r s  w i t h  w a t e r .  The c o r r e s p o n d i n g  y - b u t y l  e s t e r  i s  20% 
h y d r o l y s e d  a f t e r  t h i s  t i m e .  However, y - b u t y l  2 . 6 . x y l a t e  i s  
c o m p l e t e ly  h y d r o l y s e d  u n d e r  t h e s e  c o n d i t i o n s  i n  40 h o u r s ;  
t h i s  i s  p r o b a b l y  due t o  t h e  g r e a t e r  a u t o - c a t a l y t i c  e f f e c t  o f  ,
2 . 6 . x y l i c  a c i d  (p‘K 3*21) compared w i t h  2 . 4 . 6 . t r i m e t h y l - 
b e n z o i c  a c i d  (pK 3*43)* ;
S i m i l a r l y  t h e  v e r y  s low  r a t e s  o f  h y d r o l y s i s  o f  
y - b u t y l  2 . 6 . x y l a t e  and 2 . 4 . 6 . t r i m e t h y l b e n z o a t e  by a q u e o u s  
s o l u t i o n s  o f  p h e n o l  (T a b le  X V II I )  i l l u s t r a t e  t h e  same e f f e c t :
p r o b a b l y  however t h e  p h e n o l  a l s o  a c t s  a s  a weak c a t a l y s t  
(pIC 7 . 8 9 ) .  ho e v id e n c e  was fo u n d  o f  t h e  f o r m a t i o n  o f  any 
p h e n y l  d e r i v a t i v e s  e . g .  p h e n y l  y - b u t y l  e t h e r .
Oohen and S c h n e i d e r  (22)  o b s e r v e d  t h a t  y - b u t y l  2 - 4 . 6 ,  
t r im 'e  t h y l b e n z o a t e  when r e f l u x e d  d u r i n g  7 d a y s  w i t h  a n h y d ro u s  
m e th an o l  y i e l d e d  y - b u t y l  m e th y l  e t h e r  (1 2 .5 % ) ,  2 . 4 . 6 . t r i ­
m ethy lb  enz o i c  a c i d  (6.1%) and r e c o v e r e d  e s t e r  (82.5%) h o w e v e r , 
i n  t h e  p r e s e n t  work,  t h i s  e s t e r  was a l l  r e c o v e r e d  u n c h an g e d  
a f t e r  s i m i l a r  t r e a t m e n t  ( T a b le  X V II ) .  T h i s  d i f f e r e n c e  i n  , 
r e a c t i v i t y  i s  p o s s i b l y  due' t o  v a r i a t i o n s  i n  t h e  pH o f  t h e  
m e th an o l  u s e d  a n d / o r  t r a c e s  o f  w a t e r  p r e s e n t  w h ich  - e f f e c t  t h e  
i o n i s i n g  p r o p e r t i e s  o f  t h e  a l c o h o l .  . I t  i s  i n t e r e s t i n g  t o  n o t e  
t h a t  Cohen and S c h n e i d e r  a l s o  o b s e r v e d  t h a t  a  s o l u t i o n  o f  
y - b u t y l  2 . 4 . 6 . t r i m e t h y l b e n z o a t e  i n  39*5% m e th y l  a l c o h o l i c  
h y d r o c h l o r i c  a c i d ,  k e p t  a t  0° d u r i n g  30 m i n u t e s ,  on p o u r i n g  
i n t o  i c e - w a t e r  g i v e s  an  a lm o s t  q u a n t i t a t i v e  p r e c i p i t a t e  o f  
' 2 . 4 * 6 . t r i m e t h y l b e n z o i c  a c i d .  The c o r r e s p o n d i n g  m e t h y l  e s t e r  
whan t r e a t e d  i n  t h e  same manner i s  r e c o v e r e d  u n c h a n g e d .
I o n i s i n g  Power o f  t h e  S o l v e n t .
By a n a l o g y  w i t h  t h e  work o f  t h e  H u g h e s - I n g o l d : s c h o o l  
( 2 5 ) ,  on t h e  h y d r o l y s i s  o f  a l k y l  h a l i d e s ,  i t  was a n t i c i p a t e d ,  
t h a t  i n c r e a s i n g  t h e  i o n i s i n g  power o f  t h e  s o l v e n t  would, 
s t r o n g l y  a c c e l e r a t e  t h e  r a t e  of  h y d r o l y s i s  o f  e s t e r s  by 
mechanism Anl  r e l a t i v e  t o  t h a t  by mechanism A12 and s h i f t  t h e  
m e c h a n i s t i c  c r i t i c a l  p o i n t  t o w a r d s  t h e  m e th y l  e s t e r .
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I n  t h e  p r e s e n t  work: i t  was f o u n d  t h a t  m e t h y l ,  
h - b u t y l ,  y - " b u t y l , ( -V )p -oc ty l  2 . 4 . 6 . t . r i m e t h y l b e n z o a t e s  and 
y - b u t y l  2 . 6 . x y l a t e  ( T a b l e s  1C and XI)  a r e  a l l  h y d r o l y s e d  by  •, 
f o r m ic  a c i d  (9 0 -9 9 # )  and t h u s  i t  would  a p p e a r  t h a t  t h e  i o n i s i n g  
-oower o f  t h i s  r e a g e n t  i s  -so g r e a t  t h a t  i t  i s  c a p a b l e  o f  
p ro m o t in g  r e a c t i o n ,  by  mechanism Anl ,  o f  e s t e r s  o f  even  
p r i m a r y  and s e c o n d a r y  a l c o h o l s  whose e l e c t r o n  r e l e a s i n g  
a b i l i t y  i s  v e r y  s m a l l .  I n . t h e  c a se  o f  t h e  m e th y l  e s t e r ,  
however ,  i t  i s  p o s s i b l e  t h a t  h y d r o l y s i s  by mechanism A12 i s  
a c o m p l i c a t i n g  i n f l u e n c e .
Prom d a t a  a l r e a d y  o b t a i n e d  and  s i n c e  t h e  h y d r o l y s i s  
o f  ( - f ) p - o c t y l  2. 4 . 6 .  t r i m e t h y l b  .enz o a t  e y i e l d s  o p t i c a l l y  
i n a c t i v e  p - o c t a n o l  and r e c o v e r e d  e s t e r  o f  unchanged,  o p t i c a l  
r o t a t o r y  co w er ,  which  i s  a  s u r e  i n d i c a t i o n  o f  mechanism Anl ,  
i t  can be p resum ed  t h a t  t h e  h y d r o l y s i s  o f  n - b u t y l , y - b u t y l ,  . 
( - t ) p - o c t y l  2. 4. 6 .  t r i m e t h y l b e n s o a t e s  and y - b u t y l  2. 6 . x y l a t e  
i n  s t r o n g  f o r m i c  a c i d  p r o c e e d s  by t h i s  m echanism .  The f a c t  
t h a t  h y d r o l y s i s  o f  H-) p - o c t y l  2 . 4 . 6 . t r i m e t h y l b e n z o a t  e o n ly  
t o o h  p l a c e  w i t h  s t r o n g  f o r m i c  a c i d  i s  m ost  p r o b a b l y  due t o  
t h e  r a t h e r  low  e l e c t r o n  r e l e a s i n g  t e n d e n c y  of  t h e  0H3 . CAHG.0H- 
group .
The r e s u l t s  o b t a i n e d  w i t h  v a r y i n g  s t r e n g t h s  o f  • 
f o r m ic  and a c e t i c  a c i d s  (TablesX-XY) a r e  i n  a g re e m e n t  w i t h  
t h e  f a c t  t h a t  t h e  i o n i s i n g  power o f  f o r m i c  a c i d  i s  g r e a t e r  
t h a n - t h a t  o f  w a t e r  w h ich  i n  t u r n  i s  g r e a t e r  t h a n  t h a t  o f  
a c e t i c  a c i d .
I o n i c S t r e n g t h  E f f e c t .
T h i s  e f f e c t  was i n t r o d u c e d  'by t h e  H u g h e s - I n g o l d  
s c h o o l  ( 1 7 ,2 4 )  t o  a c c o u n t  f o r  the .  r e d u c t i o n  i n  t h e  r a t e  o f  
s o l v o l y s i s  o f  a l k y l  h a l i d e s  w i t h  d e c r e a s i n g  h y d r o g e n  i o n  
c o n c e n t r a t i o n .  They s u g g e s t e d  t h a t  t h e  a c t i v a t i o n  e n e r g y  
of  i o n i s a t i o n , i s i d e c r e a s e d  by t h e  e x o t h e r m i c ■s o l v a t i o n '  o f  
i o n s ,  -which b e g i n s  t o  t a k e  e f f e c t  l o n g  b e f o r e  i o n i s a t i o n  i s  
com ple te  and a c c o r d i n g l y  r e s u l t s  i n  a t r a n s i t i o n  -complex..
Thus t h e  r a t e  o f  r e a c t i o n  s h o u l d  be i n c r e a s e d  i n  p r o p o r t i o n  
t o  t h e  a b i l i t y  o f  t h e  s o l v e n t  t o  s o l v a t e  i o n s  and t h e  i o n i c -  
s t r e n g t h  o f  t h e  s o l u t i o n .
S i m i l a r  r e s u l t s . o b t a i n e d  h e r e  w i t h  t h e  h y d r o l y s i s  
o f  y - b u t y l  . 2 . 4 . 6 . t r i m e t h y l b e n z o a t e  and 2 . 6 . x y l a t e  b y  d i f f e r e n t  
s t r e n g t h s  o f  h y d r o c h l o r i c  a c i d  ( T a b l e s •V I - V I I I ) can  be 
e x p l a i n e d  i n  t e r m s  o f  t h i s  i o n i c - s t r e n g t h  e f f e c t .
Mass-Law E f f e c t .
As t h e  f i r s t  s t a g e  of  h y d r o l y s i s  i s  r e v e r s i b l e
0)
T )
_   ^ *
u n d e r  t h e  c o n d i t i o n s  employed e . g .  . RlQOOft ^  x  b -*• K’ GOO
(3)- ' HOH +  H ’ COOH, r e a c t i o n  (2)  w i l l  become o f  i m p o r t a n c e
i n  c e r t a i n  c i r c u m s t a n c e s ,  p a r t i c u l a r l y  t o w a rd s a fh e o e n d u .0 f  
h y d r o l y s i s  when t h e  c o n c e n t r a t i o n  o f  a c i d  a n i o n s  i s  r e a c h in g  
i t s  maximum v a l u e ,  and  so r e t a r d  t h e  f i r s t  o r d e r  r a t e ,  t o  an  
i n c r e a s i n g  d e g r e e .  A r e t a r d a t i o n '  o f  t h i s  k i n d  was f i r s t  
o b s e r v e d  by Hughes ,  I n g o l d  e t  a l .  (24)  i n  t h e  h y d r o l y s i s  o f  
a l k y l  h a l i d e s .
Stud y  o f  T a b l e s  VI-XV shows t h a t  t h e  t h e o r e t i c a l  
u n i u i o l e c u l a r  r a t e  i s  n o t  r e a l i s e d .  The m a s s - l a w  e f f e c t  would  
a p p e a r  t o  o f x e r  a  sound -exp 1 sm su io n  ox b n i s  result/ .*
S t r u c t u r e  o f  t h e  A c id  R a d i c a l  f t  0 0 0 . ■
S in c e  t h e  t r a n s f e r  o f  e l e c t r o n s  f ro m tE  t o  .R1COO i s  
an e s s e n t i a l  f e a t u r e  o f  mechanism Anl  t h i s  u n i m o l e c u i a r  mech­
anism may he e x p e c t e d  t o  he  f a c i l i t a t e d ,  r e l a t i v e  t o  A! 2, hy 
a  h i g h  e l e c t r o n  a f f i n i t y . i n  E ! 000. T h i s  was fou n d  t o  he so 
hy .  comparing t h e  r a t e s  o f  h y d r o l y s i s  o f  y - b u t y l  2 . 4 . 6 . t r i m e t h y l - 
b e n z o a te  and 2 . 6 . x y l a t e .
Thus, y - h u t y l  2 . 6 . x y l a t e  was f o u n d  t o  he more r e a d i l y  
h y d r o l y s e d  t h a n  y - h u t y l  2 . 4 * 6 . t r i m e t h y l h e n z o a t e  hy h y d r o c h l o r i c  
a c i d  i n  b o t h  aqueous  and d i o x a n  s o l u t i o n s  ( T a b l e s  Y I I I  & I X ) .  
S ince* i n  t h e  l a t t e r  c a s e ,  t h e  d i f f e r e n c e  i n  r e a c t i v i t y  can  
n o t  he due t o  d i f f e r e n t  s o l u b i l i t i e s  o f  t h e  e s t e r  i t  i s  
c o n s i d e r e d  t h a t  t h e  a d d i t i o n a l  m e t h y l ' group i n  t h e  2.4-. 6 . t r i ­
m e t h y l h e n z o a t e , compared w i t h  t h e  2 . 6 . x y l a t e ,  r e d u c e s  t h e .  
p o s i t i v e  c h a rg e  on t h e  c a r b o n  a tom  o f  t h e  c a r b o x y l  group and  
s o ' h i n d e r s  s e p a r a t i o n  o f  a  h y d ro g e n  i o n  o r  a l k y l  c a t i o n  f ro m  
t h e  m o l e c u l e .  T h i s  i s  i l l u s t r a t e d  b e l o w : - 
(1 h  ":0Ro \ /
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2. 6 . X y l a t e . 2 . 4 . 6 . T r i m e t h y l h e n z o a t e .
OR
OH
3 0
T h is  h y p o t h e s i s  i s  f u r t h e r  b o rn e  o u t  b y ^ t h e  lo w e r  pK v a l u e
of  2 . 6 . x y l i c  a c i d  (pE 3*21) compared w i t h  2. 4. 6. t r i m e t h y l  -  
ben-zoic a c i d  (pE 3*43)*
I t  h a v i n g  b e e n  c o n f i r m e d  t h a t  t h e  r a t e  o f  h y d r o l y s i s  
by mechanism Anl  i s  i n c r e a s e d  by a h i g h e r  e l e c t r o n  a f f i n i t y  . 
i n  COO i t  was t h o u g h t  t h a t  t h e  h y d r o l y s i s  o f  t h e  y - b u t y l  
e s t e r  of. t h e  h i g h l y  e l e c t r o p h i l i c  2 . 4 . 6 . t r i n i t r o b e n z o i c  a c i d  
(pK 0 .9 7 ,  c a l c u l a t e d  f rom  d a t a  o f  S h o r t e r  and S tu b b s  (2 6 ) )  
would p ro v e  i n t e r e s t i n g  and l e n d  f u r t h e r  s u p p o r t  t o  t h i s  t h e o r y .  
However, i t  was n o t  foun d  p o s s i b l e  t o  p r e p a r e  a  sp ec im en  of  
t h i s  e s t e r  by  (a ) ,  t h e  d i r e c t  e s t e r i f i c a t i o n  o f  2 . 4 . - 6 . t r i -  
, n i t r o b e n z o i c  a c i d  w i t h  t e r t i a r y  b u t a n o l  u s i n g  b e n z e n e  t o  
remove t h e  w a t e r  o f  e s t e r i f i c a t i o n  a z e o t r o p i c a l l y , (b )  t h e  
V e r le y  method of  e s t e r i f i c a t i o n  (27) v i z .  t h e  r e a c t i o n  b e tw e e n  
m e th y l  2 . 4 * 6 . t r i m i t r o b e n z o a t e  and  y - b u t y l  f o r m a t e  u s i n g - s o d i u m  . 
t e r t i a r y  b u t  o x id e  a s  c a t a l y s t ,  '(c)  t h e  r e a c t i o n  o f  2 . 4 * 6 . t r i -  
n i t r o b e n z o y l  c h l o r i d e  w i t h  y - b u t a n o l  i n  p y r i d i n e .  R e a c t i o n  
to o k  p l a c e  o n ly  by t h e  l a s t  m ethod  b u t  t h e  m ain  p r o d u c t  was
2 . 4 . 6 . t r i n i t r o b e n z e n e i  2. 4 . 6 .  t r i n i t r o b e n z o i c  acid,  u n d e r g o e s  
d e c a r b o x y l a t i o n  w i t h  e x t rem e  e a s e  e . g .  by b o i l i n g  an  aqu eo us  
s o l u t i o n .
3,t
TXPERIMIMTAI.
1 ^ e p o r a t i o n  o f  2 . 4 . 6 . T r i m e t h y l b e n s o i  c A c i d .
f e s i t y l e n e .
M e s i t y l e n e ,  p r e p a r e d  a s  d e s c r i b e d  i n  Org. S y n , (28)
n d  d i s t i l l e d  t h r o u g h '  a  th ree ;  f o o t  column -packed w i t h  h e n sk e    ^ \
x e l i c e s  had  b . p .  163-166  .
B ro m o m e s i ty le n e .
A s o l u t i o n  o f  b rom ine  ( 3 0 0 g . ,  1 . 0 5 m o l . )  i n  c a r b o n  
t e t r a c h l o r i d e  ( 1 9 0 g . ) was added  d u r i n g  t h r e e  h o u r s  t o  a . w e l l  
s t i r r e d  s o l u t i o n  o f  m e s i t y l e n e  ( 2 1 2 g . )  i n  c a r b o n  t e t r a c h l o r i d e  
( I 4 5 g . )  k e p t . be low  15°•  The r e a c t i o n  m i x t u r e ,  a f t e r  warming t o  
room t e m p e r a t u r e  d u r i n g  I p  h o u r s ,  - .was washed s u c c e s s i v e l y  w i t h  
w a te r  ( 1 0 0 c . c . )  and a s o l u t i o n  o f  .sodium, h y d r o x i d e  (3 2 0 c .  c .  o f  
20/1): a f t e r  d r y i n g  t h e  p r o d u c t  o v e r  c a l c i u m  c h l o r i d e  t h e
m a t e r i a l  w i t h  b . p . < 1 2 0 °  was removed by d i s t i l l a t i o n  t h r o u g h  
a one f o o t  column p a c k e d  w i t h  k e n sk e  h e l i c e s ,  t h e  coo le d ,  
r e s i d u e  was added  t o  a s o l u t i o n : o f  . sodium ( I 7 g . ) i n  m e t h y l a t e d  
s p i r i t  (-330c. c . ) and'  the ,  whole  h e a t e d  u n d e r  r e f l u x  d u r i n g  l y  . 
h o u r s : . • a f t e r  a l l o w i n g  t o  s t a n d  ‘o v e r n i g h t , w a t e r  ( 2 1 . )  was a d d ed .
tr m r*
The u p p e r  l a y e r  was s e p a r a t e d . a n d ■t h e  a q u e o u s  p o r t i o n  e x t r a c t e d  
w i t h  c a rb o n  t e t r a c h l o r i d e  . (68Q c .c . )  . The combined u p p e r  l a y e r  
and e x t r a c t ,  a f t e r  w ash in g  w i t h  w a t e r  ( 4 0 0 c . c . ) and  d r y i n g  o v e r  
c a l c i u m . c h l o r i d e , were  e v a p o r a t e d  and t h e  r e s i d u a l  b r o m o - '
m e s i t y l e n e  d i s t i l l e d  t h r o u g h  a-, one f o o t  column p a c k e d  w i t h  
f e n  sice h e l i c e s  and  c o l l e c t e d  a t  1 1 0 -1 2 0  /l6-20mjii .  "Yield 57 • 5/° •
A second e x p e r im e n t  i n  w h i c h  d o u b le  q u a n t i t i e s  were  u s e d  gave 
a y i e l d  of  86.5%, b . p .  9 8 - 9 8 . 5 ° /10mm. Sm ith  (29)  r e p o r t s . y i e l d s  
by t h i s  p r o c e d u r e ,  o f  79-82% and .g iv es  b . p .  1 0 5 -1 0 7 ° / l6 -17m m .
2 . 4 . 6 . T r i m e t h y l b e n z o i c  A c i d . • '
. B ro m o m e s i ty le n e  .( 4 Q g . , 0.  2m ol . )  was added  t o  a- 
m ix tu r e  of magnesium t u r n i n g s  ( 97g* , 4g. a t o m s ) ,  i o d i n e  ( a  
sm a l l  c r y s t a l )  and enough a b s o l u t e  e t h e r  t o  c o v e r  t h e  magnesium; 
a s  soon a s  t h e  r e a c t i o n  had-commenced a;, s o l u t i o n h D f ' b r o m o - ■■ 
m e s i t y l e n e  ( 7 6 0 g . , g . S m o l . ) i n  a b s o l u t e  e t h e r  ( 2 6 0 0 c . c . ) was 
added w i t h  s t i r r i n g  d u r i n g  l y  h o u r s .  ' The r e a c t i o n  m i x t u r e ,  
a f t e r  r e f l u x i n g  d u r i n g  two h o u r s  o r  u n t i l  a l l  t h e  magnesium 
had d i s s o l v e d , ,  .was p o u r e d  s lo w ly  o v e r  s o l i d  c a r b o n  d i o x i d e :  
a f t e r  p o u r i n g  t h e  r e s u l t i n g  a d d i t i o n  p r o d u c t ' o n t o  a l a r g e  
volume of  c r a c k e d  i c e  t o  which h a d  b e e n  added-' c o n c e n t r a t e d  
h y d ro -c h lo r i c  a c i d  ( 4 0 0 c . c . )  t h e  e t h e r e a l  s o l u t i o n  was s e p a r a t e d  
and e v a p o r a t e d ,  The r e s i d u a l  o i l y  s o l i d  was f i l t e r e d  o f f ,  
d i s s o l v e d  i n  m e th a n o l  ( 1 2 0 0 c . c . ) and t h e  r e s u l t i n g  s o l u t i o n ;  
f i l t e r e d ;  d i l u t i o n  w i t h  i c e - w a t e r  ( 4 1 . )  p r e c i p i t a t e d  2 . 4 . 6 . t r i -  
m e t h y l b e n z o ic  a c i d .  The d r i e d  p r e c i p i t a t e ,  a f t e r  c r y s t a l l i s ­
a t i o n  from p e t r o l e u m  ( b . p .  8 0 - 1 0 0 ° ) ,  had  m .p .  1 5 5 - 1 5 6 ° .  Y i e l d  
,500.  E q u i v a l e n t  w e i g h t ,  d e t e r m i n e d - b y  t i t r a t i o n  a g a i n s t  s t a n d -  
uici c-l.i-i.ali, l b 5 , 1-/ jou w  0^ r e q u i r e s  rii. a .  I b 4 . .Barnes v pO) 
r e p o r t s  y i e l d s ,  by t h i s  p r o c e d u r e ,  o f  55-61%.-
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P r e p a r a t i o n  o f  2 . 6 . h y l i c  A c id .
fi h e  method o f  H u f f e r d  and Ifoyes (31)  was used ,  and 
c o n s i s t s  o f  t h e  f o l l o w i n g  s t a g e s :  -
.GOGHOH;
h3 HVOOH03 0
M e s i t y l e n e .  •A c e t o m e s i t y l e n e 2 • 6 • iJ ini e t  n y 3_ - 
t  e r e r h t h a l i  c a c i  d .
GOOCH,
h.
GO OH
Methyl  h y d ro g e n  2 . 6 .  
d i m e t h y l t e r e n h t h a l a t e
0M&
2. b . D i m e t h y l . 1. amido 
b e n z o i c  a c i d .
00 OH 0 OOH
2 . 6 . D i m e t h y l . j .  ■ 2 . 6 . D i m e t h y l . 4.
a m in ob en z o ic  a c i d .  l o d o b e n z o i c  a c i d .
. UUUii 
2 . 6 . h y l i c  a c i d .
A c e t o m e s i t y l e n e .
Powdered  a lum in ium  c h l o r i d e  ( l 7 9 g . , l . p m o l . )  was 
added  d u r i n g  an h o u r  t o . a  w e l l  s t i r r e d  m i x t u r e  o f  m e s i t y l e n e  
( 1 2 0 g . ) ,  f r e s h l y  d i s t i l l e d  a c e t y l  c h l o r i d e  ( 8 2 . 5 g . , l . O d m o l . )  
and c a rb o n  d i s u l p h i d e  ( 7 5 0 c . c . ) k e p t  be low  5 ° .  When a d d i t i o n  
had  b e e n  c o m p le te d  t h e  r e a c t i o n  m i x t u r e ,  a f t e r  warming t o
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room teirroer a t u r e  d u r i n g  45 m in s .  , was p o u r e d  on c r a c u e d  i c e :  
a f t e r  s e p a r a t i o n  o f  t h e  l o w e r  l a y e r  t h e  a q u eo u s  p o r t i o n  was 
e x t r a c t e d  w i th  more c a rb o n  d l s u l p h i d e  ( 2 5 0 c . c . .). T he  com­
b in e d  e x t r a c t s  were  e v a p o r a t e d  and t h e  r e s i d u a l  a c e t o m e s i t y l e n e  
d i s t i l l e d  t h r o u g h  a 6 5! column and c o l l e c t e d  a t  1 2 0-124* /3-7'mm. 
Y ie ld  9 1 . 5h* . A se c o n d  e x p e r im en t ,  i n  w h ic h  d o u b le  q u a n t i t i e s  
were u s e d  gave a  y i e l d  o f  93 .54?  b . p .. 1 2 3 -1 2 6 ° /19mm. H u f f e r d  
and h o y e s  (31) r e p o r t  a  y i e l d ,  by t h i s  p r o c e d u r e ,  o f  3 7 .4 4  ' 
and b . p .  1 2 2 - 1 2 2 . 5 ° / 19mm.
2 . 6 . D i m e t h y l t e r e p h t h a l i c  A c i d .
P o t a s s i u m  p e rm a n g a n a te  ( 9 0 g . )  was added  d u r i n g  l a ­
b o u r s  t o  a w e l l  s t i r r e d  m i x t u r e  o f  a c e t o m e s i t y l e n e  ( 9 0 g . ) and 
sodium h y d r o x i d e  ( 2 7 g . )  i n  w a t e r  ( 1 0 0 0 c . c .  ) ;  w a t e r  ( 9 0 0 c . c . ) 
was t h e n  added ,  f o l l o w e d  by f u r t h e r  p o t a s s i u m  p e rm a n g a n a te  
( 9 0 g . )  d u r i n g  Ip- h o u r s  -  t h e  t e m p e r a t u r e  b e i n g  k e p t  b e lo w  40° .  
t h e  r e a c t i o n  m i x t u r e ,  a f t e r  s t i r r i n g  d u r i n g  an h o u r  a t  40*, 
was t h e n  warmed u n t i l  a l l  t h e  p o t a s s i u m  p e rm a n g a n a te  was 
r e d u c e d :  a f t e r ' a d d i n g  s u l p h u r i c  a c i d  ( 2 2 5 c . c .  o f  504) t h e
s o l u t i o n  was h e a t e d  on t h e  s team  b a th ;  d u r i n g  3 0  cn in s .  f h e  
m ix t u r e  was c o o le d  t o  40° and a s o l u t i o n  o f  sodium h y d r o x i d e  
( I 4 5 g . ). i n  w a t e r  ( 500c. c . ) added  w i t h  s t i r r i n g ,  fo l lo w ed ,  by 
p o t a s s i u m  p e rm a n g a n a te  ( 2 3 0 g . )  i n  f o u r  p o r t i o n s  a t  h a l f  
h o u r l y  i n t e r v a l s :  a f t e r  s t i r r i n g  f o r  a f a r t h e r  3 h o u r s  t h e
whole  was h e a t e d  on t h e  s team  b a t h  u n t i l  a l l  t h e  p o t a s s i u m  
p e rm a n g a n a te  was r e d u c e d .  To t h e  p r o d u c t ,  s u l p h u r i c  a c i d  
( 7 0 0 c . c .  o f  50y) was added  f o l l o w e d  by enough sodium b i s u l p h i t e
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t o  r e d u c e  t h e  o x i d e s  o f  m anganese ;  the  c ru d e  d i m e t h y l t e r e -  
p l i t  h a l f  c a c i d  was t h e n  f i l t e r e d  o f f  h o t ,  d i s s o l v e d  i n  ammonium 
h y d r o x id e  (d .  0 .8 8 0 )  and t h e  c o o le d  s o l u t i o n  f i l t e r e d  t h r o u g h  
two l a y e r s  o f  f i l t e r  p a p e r  t o  remove a  s m a l l  amount o f  s t i c k y  
i m p u r i t y .  The a c i d  was f i n a l l y  p r e c i p i t a t e d  by t h e  a d d i t i o n  
of s u l p h u r i c  a c i d  ( 5 0 4 ) ,  f i l t e r e d  o f f  h o t ,  washed w i t h  a  sm a l l  
q u a n t i t y -  of  h o t  w a t e r  and d r i e d .  Y i e l d s  60-8-04. -H uffe rd  and 
l o y e s  ( 3 1 ) r e p o r t  y i e l d s ,  by t h i s  p r o c e d u r e ,  o f  6 5 -8 8 $ .
Methyl  Hydrogen 2 . 6 . D i m e t h y l t e r e p h t h a l a t e
Dry h y d r o g e n  c h l o r i d e ,  ( 4 0 g . )  was p a s s e d  i n t o  a  
s o l u t i o n  o f  2 . 6 . d i m e t h y l t e r e p h t h a l i c  a c i d  ( 2 5 0 g . ) i n  m e th a n o l  
( 1 2 5 0 c . c . )  and t h e  whole  r e f l u x e d  d u r i n g  6 h o u r s ,  The m e th a n o l  
was e v a p o r a t e d  on t h e  s team  b a t h  l e a v i n g  a d r y  r e s i d u e  o f  c ru d e  
a c i d  e s t e r  (85-90% y i e l d ) ,  m .p .  1 8 4 -1 8 ^ * .  H u f f e r d  and  Ifoyes 
r e p o r t  y i e l d s ,  by t h i s  p r o c e d u r e  o f  more ' t h a n  91%. ■
2 . 6 . D i m e t h y l . 4 » a m id o b en z o ic  A c i d , y
The c ru d e  m e th y l  h y d r o g e n  2 . 6 .  d i m e t h y l t e r e p h t h a l a t e  
was d i s s o l v e d  w i t h  c o o l i n g  in- a b o u t  t w i c e  i t s ' w e i g h t  o f  
ammonium h y d r o x i d e  ( d .  0 .8 8 0 )  and ammonia p a s s e d  t h r o u g h  t h e  
s o l u t i o n  d u r i n g  3 -4  d a y s  a t  45° . The ammonium s a l t  was 
f  i l t  e r  e d .o f f ,  wa she d w i t h  c h i l l  e d ammonium hy d r  o x i  de ( d . 0 .8 8  0) 
and su spen d ed  o v e r n i g h t  i n  e t h e r :  a f t e r  re m o v in g  t h e  e t h e r
by f i l t r a t i o n  t h e  s a l t  was p a r t i a l l y . d i s s o l v e d  i n  h o t  w a t e r  
and e x c e s s  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ad d ed .  When t h i s
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m i x t u r e  had  "been c o o le d  and a l l o w e d  t o  s t a n d  i o r  a  few h o u r s  
t h e  amide was f i l t e r e d  o f f ,  washed w i t h  i c e - w a t e r  and su sp en d e d  
o v e r n i g h t  i n  e t h e r :  a f t e r  r e m o v a l  .of t h e  e t h e r  hy f i l t r a t i o n
t h e  amide was washed w i t h  more e t h e r  and when d r i e d  h ad  m.p .  
237-239° .  Y i e l d s  30-60%. H u f f e r d  and Yoyes (31) r e p o r t  
y i e l d s ,  by t h i s  p r o c e d u r e ,  o f  a p p r o x i m a t e l y  754*
The ammoniacal  m o th e r  l i q u o r s  were  a e r a t e d  and 
a c i d i f i e d  t o  p r e c i p i t a t e  any  u n c h an g e d  2 . 6 .  dime t h y  l t e r e p h t h a l i - c  
a c i d . . Y i e l d  35-50%.
2 . 6 .D i m e t h y l . 4 . i o d o b e n z o i c  A c id .
To a  s o l u t i o n  o f  sodium h y d r o x i d e  ( 1 8 0 c . c .  o f  10%), • 
k e p t  a t  0 ° ,  was added s lo w ly  w i t h  g r i n d i n g  t h e  p ow dered  amide 
( 4 6 . 5 g . '), f o l lo w e d  s i m i l a r l y  by a  s o l u t i o n  o f  sodium h y d r o x i d e  
( 3 6 0 c . c .  o f  10%) a n d . a  c h i l l e d  s o l u t i o n  o f  b ro m in e  ( 1 5 c . c . ) 
i n  sodium -hydrox ide  s o l u t i o n  ( 3 0 0 c . c .  o f  10%): a f t e r  a d d i n g
more sodium h y d r o x i d e  s o l u t i o n  ( 6 0 c . c .  o f  50%) t h e  r e a c t i o n  
m ix t u r e  was h e a t e d  on t h e  s team  b a t h  d u r i n g  25 m in s .  When 
the. m ix ture-  had  b e e n  c o o l e d  t o  50* . s u l p h u r i c  a c i d  (50%) was 
added w i t h  c o o l i n g  u n t i l  t h e  p r e c i p i t a t e  w h ich  was fo rm ed  
j u s t  r e d i s s o l v e d ;  f u r t h e r  s u l p h u r i c  a c i d . ( 1 5 0 c . c .  o f  50%) was 
t h e n  added and t h e  s o l u t i o n  f i l t e r e d .  To t h e '  f i l t r a t e ,  c o o le d  
t o  - 2 ° ,  was added i n  f o u r  p o r t i o n s  a t  5 m in s .  i n t e r v a l s  a 
s o l u t i o n  o f  p o t a s s i u m  n i t r i t e  (60g. ,)  i n  w a t e r  (7 4 c .  c . ) and' t h e  
whole  a l l o w e d  t o  s t a n d  d u r i n g  30 m in s .  The r e a c t i o n  m i x t u r e  
was t h e n  added t o  a s o l u t i o n  o f  p o t a s s i u m  i o d i d e  ( 1 5 0 g . ' ) i n  
s u l p h u r i c  a c i d  ( 2 5 0 c . c .  o f  25%) and  h e a t e d  on a  s team  b a t h
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-with oc'if?.si0113-3- s h a k in g  u n t i l  e f f e r v e s c e n c e  c e a s e d t  a f t e r  
c o o l i n g  sodium b i s u l p h i t e  was added  u n t i l  t n e  t r e e  i o d i n e  was 
r e d u c e d .  2 . 6 . D i m e t h y l . 4 . i o d o b e n z o i c ' a c i d  was f i l t e r e d  o f f  
and washed t h o r o u g h l y ; , w i t h  w a t e r .  Y i e l d  62-67A*
2 . o . X y l i c  A c i d .
2 . 6 . D i m e t h y l . 4 . i o d o b e n z o i c  a c i d  ( 8 2 . 5 g . ) f o l l o w e d  . 
by  z in c  d u s t  ( 2 0 g . ) was added  t o  ammonium h y d r o x i d e  ( 1 0 0 c . c . , 
d . 0 . 8 8 0 ) ,  k e p t  be low 30° ,  and t h e  'dhole s e t  a s i d e  f o r  30 m in s .
Aminonium h y d r o x i d e  ( l O O c . c . ,  d .  0 .8 8 0 )  and z i n c  d u s t  ( 2 0 g . )
were t h e n  a d d ed  and t h e  r e a c t i o n  m i x t u r e  h e a t e d  a t  70° d u r i n g  
12 h o u r s :  a f t e r ' f i l t e r i n g  o f f  t h e  e x c e s s  z i n c  the .  s o l u t i o n
was a c i d i f i e d -  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and  t h e  
c rude  2 . 6 . x y l i c  a c i d  f i l t e r e d  o f f .  A f u r t h e r  q u a n t i t y  o f  
c rude  2 . 6 . x y l i c  a c i d  was o b t a i n e d  by e x t r a c t i n g  t h e  f i l t r a t e  
w i t h  e t h e r . t h e  c ru d e  a c i d  was c r y s t a l l i s e d  s e v e r a l  t i m e s  
from w a t e r  and t h e r e  was o b t a i n e d  2 . 6 . x y l i c  a c i d  w i t h  m .p .  
116-117*• Y i e l d  3 0 -6 0 8 .  E q u i v a l e n t  w e i g h t ,  d e t e r m i n e d  by 
t i t r a t i o n  a g a i n s t  s t a n d a r d  a l k a l i ,  149 ,  0<|H(c)0 a r e q u i r e s  
B.W. 150.
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p r e p a r a t i o n  of  2 . 1 . b . f r i n i t r o b e n z o i c  A c i d .
s i r -Eono-Y i t r o t o l u e n e t!. ■
A m ix t u r e  of n i t r i c  a c i d  (100g. . ,  d .  1 .4 2 )  and 
c o n c e n t r a t e d •s u l p h u r i c .a c i d  ( 1 5 0 g . ) was c o o le d  t o  10° and 
added d u r i n g  1% h o u r s  w i t h  s t i r r i n g  t o  t o l u e n e  ( lOOg.)  k e p t  . 
a t  30° ' . When a d d i t i o n  h ad  been c o m p le te d  t h e  r e a c t i o n  m i x t u r e  
was warmed t o  50d d u r i n g  • 20 m in s .  and t h e n  k e p t  a t  t h i s  tem p­
e r a t u r e  f o r  a f u r t h e r  h o u r :  a f t e r  s e p a r a t i o n  o f  t h e  lo w e r
l a y e r  o f  a c i d  t h e  n r u d e  m i x t u r e  o f  o r t h o  and p a r a  m o n o - n i t r e - 
t o l u e n e s  was washed w i t h  w a t e r  and  d r i e d .  Y i e l d  96%.
2 . 4 . 6 . T r i n i t r o t o l u e n e .
■ ' nM o n o - n i t r o t o l u e n e n ( I4 3 g * )  was added  t o  a •w e l l  
s t i r r e d  m i x t u r e  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 1 2 0 0 g . )  and  • 
fuming n i t r i c  a c i d  (pOOg.) k e p t  a t  50° * When t h e  a d d i t i o n  had  
been  c o m p le te d  t h e  i f a e t i o n  m i x t u r e ,  a f t e r  warming t o  120° 
d u r i n g  5 h o u r s ,  was c o o le d  and p o u r e d  i n t o  a  l a r g e  volume o f  
i c e - w a t e r .  The 2 . 4 . 6 . t r i n i t r o t o l u e n e  was f i l t e r e d  o f f ,  washed 
w i t h  w a t e r  and  d r i e d :  y i e l d  93%, m .p .  7 8 - 8 0 ° .
2 . 4 . 6 . T r i n i t r o h e n z o i c  A o i d .
■ 2 .4*6 .T r i n i t r o h e n s o i c  a c i d  was p r e p a r e d . h y  t h e  
o x i d a t i o n  o f  2. 4. 6. t r i n i t r o t o l u e n e  •( 2 4 0 g . ) w i t h  ch ro m ic  a c i d  
m ix t u r e  a s  d e s c r i b e d  i n  Org. S y n . ( 3 2 ) .  Y i e l d  58%, m .p .  216-  
2 1 6 .5 ° ,  e q u i v a l e n t  w e ig h t  by  t i t r a t i o n  a g a i n s t  s t a n d a r d  a l k a l i ,
39
255, CtH50<?!3 r e q u i r e s  E.W. 257.
a - B u t y l  B e n z o a t e . •
B en zoy l  c h l o r i d e  ( 1 7 c . c . )  was added  t o  a  c o l d  
m ix tu r e  o f  n - b u t a n o l  ( 2 0 c . c . ) and p y r i d i n e  ( 2 5 c . c . )  and t h e  
whole ,  a f t e r  s t a n d i n g  22 h o u r s ,  p o u r e d  i n t o - w a t e r  ( 200c.  c .  ) .  
The r e s u l t i n g  s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  ( 1 5 0 c . c . ) and 
t h e  e t h e r e a l  e x t r a c t ,  a f t e r  washing ' w i t h  sodium c a r b o n a t e  
s o l u t i o n ,  was d r i e d  o v e r  sodium s u l p h a t e  and  e v a p o r a t e d .  • .
O f  2 0 °
t h e  r e s i d u a l  n - b u t y l  b e n z o a te  h a d  b . p .  1 2 0 /  15mm. and  t)
1 .5 0 0 .  . Y i e l d  621 ( 1 6 g . ) .
y - B uty1 B e n z o a t e .
t h i s  was p r e p a r e d  by t h e  same p r o c e d u r e  and  had  
b . p .  1 0 9° / I5 in m . , "T*® 1 .4 9 3 5 .  Y i e l d  56>.
M ethy l  2. 4. B . T r i m e t h y l b e n z o a t e .
2 . 4 * S . f r i m e t h y l b e n z o i c  a c i d  ( 9 0 g . )  and t h i o n y l  
c h l o r i d e  ( lOOg.)  were> r e f l u x e d  d u r i n g  l a  h o u r s .  When t h e  
e x c e s s  o f  t h i o n y l  c h l o r i d e  had. b e e n  e v a p o r a t e d  o f f  t h e  r e s i d u a l
2. 4 .  6. t r i m e t h y l b  enz o y l  c h l o r i d e  was d i s t i l l e d ,  t h r o u g h  a 6 n ■ 
column p a c k e d  w i t h  rerrgke h e l i c e s  and c o l l e c t e d  a t  1 0 9 - 1 1 2 /  •
10mm.. Y i e l d  840 ( 8 4 g . ) .  B a r n e s  (30) r e p o r t s  y i e l d ' s  by t h i s  
p r o c e d u r e  o f  9 0 -9 7 $  and b . p .  1 4 3 - 1 4 6 VoGmm.
2 . 4 . 6 . T r i m e t n y l b e n z o y l  c h l o r i d e  ( 9 . 2 g . ) was ad d ed  . to
a m ix t u r e  o f  m e th a n o l  ( 2 g . ) and  p y r i d i n e  ( 6 g . )  c o o le d  t o  0° 
and t h e  w ho le ,  a f t e r  s t a n d i n g  d u r i n g  18 h o u r s ,  p o u r e d  i n t o  
w a te r  ( 1 0 0 c . c .  ) .  t h e  r e s u l t i n g  s o l u t i o n  was e x t r a c t e d  w i t h  
e t h e r  ( 7 5 c . c . )  and t h e  e t h e r e a l  e x t r a c t ,  washed w i t h  sodium 
c a r b o n a t e  s o l u t i o n ,  d r i e d  anc. e v a p o r a t e d .  (The r e s i d u a l  m e th y l
o* X  5*2 . 4 . 6 . t r i m e t h y l h e n z o a t e  had  b . p .  1 0 0 ° / 4mm. , dj* 1 • 0.09, ^
1 . 50b, ^ ° 1 . 503. . Y i e l d  13% • -Cohen and S c h n e i d e r  (22)  g iv e  
^ 1 .5054.
n- 'Qutyl  2 . 4> 6 . T r i m e t h y l b e n z o a t e .
T h i s  was p r e p a r e d  by t h e  same p r o c e d u r e  and h ad
b . p .  1 2 6 -1 2 7 ° / 2 m . , h °  0 .9 6 6 ,  Y ° l .  4 9 6 , 1 °  1 .  492.  Y i e l d  8 5 / .
•i> h>
y - B u t y l  2 . 4 . 6 . T r i m e t h y l h e n z o a t e .
a ;
T h i s  was s i m i l a r l y  p r e p a r e d  an d  had  b . p .  114-115  /
* •  •
3mm., c £  0 . 9 6 3 ,  V * 1 . 4 9 1 ,  1 . 4 8 8 .  Y i e l d  7 7 / .  _ Cohen and
S c h n e id e r  (22)  g iv e  b . p .  114-115° /3nn i i . , d ^  0 .9 6 5 4 ,  ^  1 .4 9 2 0 .
O c ty l  2 . 4 . 6 . T r i m e t h y l b e n z o a t e .
, T h i s  was p r e p a r e d  i n  a  s i m i l a r  manner  u s i n g
2 5 *  S *
( 4 - ) p - o c t a n o l  ( K ^  “'"9. 35° ) and  h a d  b . p .  1 6 0 - 1 6 3 ° / ! •  5mm.,
+ 3 1 . 7 ° ,  d'J 0 . 9 3 7 , ^ 1 . 4 8 7 ,  Y 5 l U S 4 ,  o C ’+ 0 . 30° ( 1 , 2 ;  c , 0 . S  i n
benzene  s o l u t i o n )  . Y i e l d  55?* •
1+-1
y - B u t y l  2 .6 « X y l a t e ,
2 . 6 . X y l i c  a c i d  (15g*) and t h i o n y l  c h l o r i d e  ( 2 0 c . c . ) 
were r e f l u x e d  d u r in g  a n  h o u r  and  t h e  e x c e s s  t h i o n y l  c h l o r i d e  
removed; t h e  r e s i d u a l  2 . 6 ' . x y l y l  c h l o r i d e  had  b . p .  • 92°/l0imn. , 
100°/ l5mm. Y i e l d  8 5 -9 2 1 .
2 . 6 . X y l y l  c h l o r i d e  ( 1 5 . 6 g . ) mas added  t o  a  m i x t u r e  
o f  y - o u t a n o l  ( 2 0 c . c . ) and p y r i d i n e - ( 1 0 c . c . ) c o o le d  t o  0° and 
t h e  w hole ,  a f t e r  s t a n d i n g  60 h o u r s ,  was t r e a t e d  a s  i n  t h e  
p r e p a r a t i o n  o f  n - b u t y l  b e n z o a t e .  The y - h u t y l  2 . 6 . x y l a t e  h ad  
b.p .  102* /2n n !., d f o . 970, ^ 1 . 4 9 2 ,  rf* 1 . 4 9 0 .  Y i e l d  50-52;C
A t tem p ted  P r e p a r a t i o n s  o f  y - 3 u t y l  2 . 4 * 6 . 1 r i n i t r o b e n z o a t e .
(a)  By D i r e c t  E s t e r i f i c a t i o n . '
A m i x t u r e  o f  2 . 4 * 6 . t r i n i t r o b e n z o i c  a c i d  ( 2 .8 g . ) - ,  
y - b u t a n o l .  ( 7 * 4 g . )  and benzen e  (7* 5 g . ) was h e a t e d  t o  b o i l i n g  
and t h e  v a p o u r s  p a s s e d  t h r o u g h  a  10cm. column p a c k e d  w i t h  
l e n s k e  h e l i c e s  b u t  no i n d i c a t i o n  o f  any e s t e r i f i c a t i o n  was 
o b t a i n e d . .
(b)  By Method o f  Y e r l e y .
A m i x t u r e  o f  m e th y l  2 . 4 . 6 . t r i n i t r o b e n z o a t e  ( I 0 . 8 g . ,  
p r e p a r e d  by t h e  method of  Chang and Kan ( 3 3 ) ) ,  y - b u t y l  f o r m a t e  
( 5 g . , p r e p a r e d  by t h e  m ethods  o f  B e h a i  (54) and  Y e r l e y  ( 2 7 ) ) ,
4-i
y - b u t a n o l  ( 0 . 1 5 g . ) and sodium { 0 . 0 5 g . ). w a s ' h e a t e d  d u r i n g  two 
h o u r s  a t  1 0 0 -1 2 0 ° .  Ho m e t h y l , f o r m a t e  d i s t i l l e d  o v e r .  The 
r e a c t i o n  m i x t u r e  was t h e n  c o o le d  an d ,  a f t e r  a d d i n g  a  m i x t u r e  
of  y - b u t a n o l  ( 0 . 2 g . ) and  sodium ( O . l g . ) ,  h e a t e d  f o r  a  f u r t h e r ' 
h o u r .  Ho m e th y l  . fo rm a te  was o b t a i n e d .  C o o l in g  o f  t h e  r e a c t i o n  
m ix tu re  y i e l d e d ,  u n c h an g e d  m e th y l  2 . 4 . 6 . t r i n i t r o b e n z o a t e  ( l O g . ) .
( c ) By t h e " R e a c t i o n  o f  2 . 4 . 6 . T r i n i t r o b e n z o y l  C h l o r i d e  w i t h  
y - B u t a n o l  i n  P y r i d i n e .
2 . 4 . 6 . T r i n i t r o b e n z o i c  a c i d  ( 5 0 g . )  and  p h o s p h o r u s  
p e n t a c h l o r i d e  ( 5 0 g . )  were t h o r o u g h l y  mixed and r e f l u x e d  d u r i n g  
5 m ins .  When t h e  r e a c t i o n  m i x t u r e ' h a d  b e e n  d i s s o l v e d . i n  
benzene  ( 2 0 0 c . c . ) t h e  s o l u t i o n  was- f i l t e r e d  h o t . and t h e  i n s o l ­
u b l e  p h o s p h o r u s  compounds washed w i t h  f u r t h e r  b e n z e n e .  
E v a p o r a t i o n  of. t h e  combined f i l t r a t e s  y i e l d e d  2 . 4 . b . t r i n i t r o -  
b e n s o y l  c h l o r i d e  ( 3 8 g . ) ,  m .p .  1 6 3 - 1 6 4 ° .  Y i e l d  71%.
(1)  2 . 4 . 6 . T r i n i t r o b e n z o y l  c h l o r i d e  ( I p . S g . ) was ad d ed
t o  a m ix t u r e  o f  y - b u t a n o l  ( 7 * 4 g . ) and  p y r i d i n e  ( 3 7 g . )  k e p t  
be low  50* and t h e  whole a l l o w e d  t o  s t a n d  22 h o u r s .  E t h e r  
(10 O c . c . )  was added and t h e  r e a c t i o n  m i x t u r e  washed w i t h  w a t e r  
( 2 0 0 c . c . ) .  The e t h e r e a l  s o l u t i o n  was e v a p o r a t e d  and  t h e  
r e s i d u a l  c r y s t a l s  ( 2 . 7 g . )  h a d  m .p .  1 2 1 - 1 2 3 ° ,  w hich  on c r y s t a l l ­
i s a t i o n  f rom  benzen e  ( 3 0 c . c . )  h a d  m . p . and  mixed m .p .  w i t h  • 
2 . 4 * 5 . t r i n i t r o o e n z e n e  1 23-124  • The aciueous r e s i d u e  f ro m  t h e
e t h e r e a l  e x t r a c t  was f i l t e r e d  an d  y i e l d e d  c r y s t a l s  ( 0 . 8 g . )
. , , _ o . -
w i m  m . p . ^ 1 0 0  , which  on c r y s t a l i i s a t i o n  f ro m  b e n z e n e  ( 20c .  c . )
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had '  m . p . /v  110° . Y i e l d  o f  t r i n i t  r o b  enz ene was a p p r o x i m a t e l y  25m-
(2) 2 . 4 . 6 . T r i n i t r o b e n z o y l  c h l o r i d e  ■(6 .9 g . ) was added  t o
a  m ix t u r e  o f  y-b u t a n o l  ( 4 * 5 g . )  and p y r i d i n e  ( 2 0 g . )  c o o le d  t o  
0 ° and t h e  whole  a l l o w e d  t o  s t a n d  16 h o u r s .  Then t h e . r e a c t i o n  
m ix tu re  had  been  p o u r e d  i n t o  w a t e r  ( 2 0 0 c . c . ) and e x t r a c t e d  w i t h  
e t h e r  ( 1 5 0 c . c . ) t h e  e t h e r e a l  e x t r a c t ,  a f t e r  w a sh in g  w i t h  sodium 
c a r b o n a t e  s o l u t i o n  was d r i e d  o v e r  p o t a s s i u m  c a r b o n a t e  and 
e v a p o r a t e d .  The r e s i d u e  was d i s s o l v e d  i n  b e n z e n e  ( 50c .  e..) , 
and t h e  s o l u t i o n  a f t e r  f i l t e r i n g  h o t  was e v a p o r a t e d  y i e l d i n g  
c r y s t a l s  ( 1 . 9 g . ) . w i t h  m .p .  and mixed m .p .  w i t h  2 . 4 * 6 . t r i n i t r o ­
benzene  123 -12 4 %  Y i e l d  o f  t r i n i t r o b e n z e n e  a p p r o x i m a t e l y  40p. 
The a qu eo u s  r e s i d u e  f rom  t h e  e t h e r e a l  e x t r a c t  was- a c i d i f i e d  
w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c - a c i d ;  no p r e c i p i t a t e ,  was 
o b t a i n e d .
Owing t o  t h e  l a r g e  number o f  e x p e r i m e n t s  c o n d u c te d  
on s i m i l a r - l i n e s ,  t h e  . r e s u l t s  of. w h ic h  a r e  shown, i n  T a b l e s  
IV-XYIII ,  o n ly  a  few t y p i c a l  ex am p les  t o  i n d i c a t e  t h e  
p r o c e d u r e  a r e  g iv e n :
Hydr o l y s i s  w i t h  4H A l c o h o l i c  P o t a s s i u m  h y d r o x i d e  .
( a) E s t e r s  of  B e n z o ic  and  2 . 6 . h y l i c  A c i d s .
y -B u t y l  b e n z o a t e  '( 0. 5 0 1 g . ) i n  41 a l c o h o l i c  p o t a s s i u m  
h y d r o x id e  ( 5c .  c . ) was r e f l u x e d  .d u r i n g  5 m in s .  "Then t h e  
r e a c t i o n  m i x t u r e  h ad  b e e n  c o o l e d ,  w a t e r  ( l O c . c . )  was added 
and t h e  whole  shaken  w i t h  e t h e r  ( 2 0 c . c . ) .  The e t h e r e a l  e x t r a c t  
was s e p a r a t e d ,  washed  w i t h  w a t e r  ( I c . c . )  and  d r i e d  o v e r  sodium 
s u l p h a t e .  Ho u n ch ang ed  e s t e r  was o b t a in e d ,  by re m o v a l  o f  t h e  
e t h e r  and a l c o h o l .  The a q u e o u s  r e  s i d u e  f ro m  t h e  e t h e r e a l  
e x t r a c t  was a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
( 1 0 c . c . ) ,  c o o le d  and sh a k en  w i t h  e t h e r  ( 2 0 c . c . ) .  The e t h e r e a l  
e x t r a c t  w a s - s e p a r a t e d ,  washed w i t h  w a t e r  ( l c . c . ) and  d r i e d  
o v e r  sodium s u l p h a t e .  Removal o f  t h e  e t h e r  y i e l d e d  b e n z o i c  
a c i d  ( 0 . 3 2 6 g . , y i e l d  98%), m .p .  and  m ixed  m .p .  1 2 0 - 1 2 1 * .
T h i s  was p r e p a r e d  by a d d in g  a  s o l u t i o n  o f  p o t a s s i u m  
h y d r o x i d e  ( 5 . 2 g . )  i n  w a t e r  ( i c . c . )  t o  e t h y l  a l c o h o l  ( 2 0 g . ) .
<+S
Cb) E s t e r s  o f  2 .4 * 6 * T r  im e th y rb e z lz o ic  A c i d .
( -+)p-Octy l  2. 4. 6.  t r i r a e t h y l b e n z o a t e  ( 0 . 3 7 2 g . )  i n  
41 a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  ( 5 c . c . )  was r e f l u x e d  d a r i n g  
12 h o u r s  and t h e  p r o d u c t  t r e a d e d  a s  i n  ( a ) .  The r e c o v e r e d
*G.......... . ,33*
i n  b en zen e  s o l u t i o n ) ,  f h e  aq u eo u s  r e s i d u e  f rom  t h e  e t h e r e a l
e s t e r -  ( o . 2 6 4 g . ,  y i e l d  71R) had  7) 1 . 4 8 7 ,  0.3.0° ( 1 , 2 :  c , 0 .
e x t r a c t  was e v a p o r a t e d  t o  remove t h e  e t h e r  and  a l c o h o l ,  
a c i d i f i e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( l O c . c . )  and 
c h i l l e d ,  T here  was o b t a i n e d  2 . 4 . b . t r i m e t h y l b e n z o i c  a c i d  
( 0 . 0 4 6 g . , y i e l d  21 1 ) ,  m .p .  and mixed m .p .  1 5 5 - 1 5 6 .5 ° •
H y d r o l y s i s  w i t h  Anhy d r o u s  f o r m i c  E ic id .
( a )  E s t e r s  o f  2 . 6 . H y l i c  A c i d .-
... y - B u t y l  2. S . x y l a t e  ( 0 . 1 7 8 g . )  i n  a n h y d ro u s  f o r m i c  a c i d  
( 5 c . c . )  was a l l o w e d  t o  stand" d u r i n g  Jr h o u r  a t  20° w i t h  
o c c a s i o n a l  s h a k i n g ,  To t h e  p r o d u c t , w a t e r  ( 5 c . c . ) f o l l o w e d  
by a s o l u t i o n  o f  sodium h y d r o x i d e  ( 6 g . ) i n  w a t e r  ( l O c . c . )  was 
added  w i t h  c o o l i n g  and t h e  whole  sh a k en  w i t h  e t h e r  ( 2 5 c . c . ) .
The e t h e r e a l  - e x t r a c t  .was s e p a r a t e d ,  washed w i t h  w a t e r  ( i c . c . )  
and d r i e d  o v e r  c a l c iu m  c h l o r i d e .  Removal o f  t h e  e t h e r  y i e l d e d  
unchan g ed  e s t e r  ( 0 . 0 3 0 g . ,  y i e l d  Y j i )  , 7Jlo1 . 4 8 9 .  The. aq u eo u s  
r e s i d u e  from  t h e  e t h e r e a l  e x t r a c t  was a c i d i f i e d  w i t h  concen-  - 
t r a d e d  h y d r o c h l o r i c  a c i d  ( 2 0 c . c . ) ,  c o o l e d  and  sh a k e n  w i t h  
e t h e r  ( 2 5 c . c . ) .>  The e t h e r e a l  e x t r a c t  was s e p a r a t e d ,  washed  ' 
w i t h  w a t e r  ( i c . c . )  and d r i e d  o v e r  sodium s u l p h a t e .  Removal 
o f  t h e  e t h e r . y i e l d e d  2 . 6 . x y l i c  a c i d  ( 0 . 1 0 4 g . ,  y i e l d  8 0 $ ) ,
m.p. and mixed, m.p. 116.5-117.5 •
(b)  B s t e r s  o f  2 . 4 * 6 . T r i m e t h y l b e n z o i c  A c i d .
( -b )p -O c ty l  2. 4* o . t r i m e t h y l b e n z o a t e  ( 0 .2 l 6 g . , )  i n  
an hydrous  f o r m i c  a c i d  ( 5 c . c . ) was r e f l u x e d  d u r i n g  8 h o u r s  and  
th e  p r o d u c t ,  w h ich  was d e v o id  o f  o p t i c a l  a c t i v i t y ,  was t r e a t e d  
a s  ' i n  ( a ) ,  Mo u n c h ang ed  e s t e r  was o b t a i n e d .  The aq u eo u s  
r e s i d u e  f rom  t h e  e t h e r e a l  e x t r a c t  was e v a p o r a t e d  t o  remove 
t h e  e t h e r ,  a c i d i f i e d ’ w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
{20c. c..) and c h i l l e d .  T h e r e t was o b t a i n e d  2 . 4 .  6. t r i m e t h y l -  
b e n z o i c  a c i d  ( 0 , . 1 1 8 g . , y i e l d  92%), m .p .  & m ixed  m .p .  1 5 5 - 1 5 6 . 5 ° .
H y d r o l y s i s  w i t h  Aqueous S o l u t i o n s  o f  P h e n o l .
E s t e r s  o f  2 . 6 . X y l i c  A c i d . ■
The e x p e r i m e n t a l  p r o c e d u r e  was t h e  same e x c e p t  
t h a t  2 . 6 . x y l i c  a c i d  p r e s e n t  i n  t h e  r e s i d u e  f rom  t h e  e t h e r e a l  
e x t r a c t  o f  t h e  f i r s t  a q u e o u s  r e s i d u e  was d e t e r m i n e d  by t i t r a t i o n  
a g a i n s t  s t a n d a r d  a l k a l i ,  u s i n g  bromthymol  b l u e  a s  i n d i c a t o r .
I n  t h i s  way 2 . 6 . x y l i c  a c i d  c o u ld  be e s t i m a t e d  i n  t h e  p r e s e n c e  
o f  e x c e s s  n h e n o l .
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PART I I .
THE SEPARATION OP-OPTICALLY PURE ARYL ALCOHOL PROM PUSBL OIL 
AID ThE STUDY OP SOUS OP ITS OXIDATIOW PRODUCTS.
5 a
I n t r o d u c t i o n .
The p r i n c i p a l  c o n s t i t u e n t s  o f  f u s e l  o i l ,  w h ich  i s  
o b t a i n e d  a s  a  b y - p r o d u c t  i n  a l c o h o l i c  f e r m e n t a t i o n ,  a r e  
n - p r o p a n o l ,  i s o - b u t a n o l , '  i s o - b u t y l  c a r b i n o l  and  ( - )  s e c - b u t y l  
c a r b i n o l .  t h e  f i r s t  two a r e  r e a d i l y  removed by d i s t i l l a t i o n  
and t h e  two amyl a l c o h o l s  c o n c e rn e d  i n  t h e  p r e s e n t  work a x e : -
i s o - B u t y l  c a r b i n o l . s e c - B u t y l  c a r b i n o l .
The f o l l o w i n g  n o m e n c la t u r e  h a s  b e e n  a d o p te d  s i n c e  
many e x p e r i m e n t s  have  b e e n . c a r r i e d : o u t  u s i n g  a  m i x t u r e  o f  
t h e  two i s o m e r s  and r e f e r e n c e s  a r e  a l s o  made t o ' t h e  c h e m i c a l l y  
p u r e  com pounds :- :  a
: . nAmyl a l c o h o l 11 r e f e r s  t o  a  m i x t u r e  o f  t h e  two :
i s o m e r s  and  i s  o p t i c a l l y  a c t i v e ;  i s o - b u t y l ; c a r b i n o l  and . 
s e c - b u t y l  c a r b i n o l  r e f e r  t o  t h e  c h e m i c a l l y  p u r e  compounds.
S t
H i s t o r i c a l >
The f i r s t  a t t e m p t  t o  i s o l a t e  t h e  o p t i c a l l y  a c t i v e  
amyl a l c o h o l  p r e s e n t  i n  . f u s e l  o i l  was m a d e ■by P a s t e u r  i n  
1855 ( 1 ) ,  B i o t  h a v in g  in f o r m e d  him s i x  y e a r s  e a r l i e r  t h a t  
f u s e l  o i l - p o s s e s s e d  t h e  p r o p e r t y  o f  r o t a t i n g  t h e  p l a n e  o f  
p o l a r i s e d  l i g h t .  P a s t e u r ,  Toy r e  c r y s t a l l i s i n g  h a r iu m  amyl 
s u l p h a t e  1 5 - 2 0  t i m e s  f rom  w a t e r ,  o b t a i n e d  an amyl a l c o h o l  
w i t h  -4° * and  an  o p t i c a l l y  i n a c t i v e  i s o m e r i c  a l c o h o l .
A l th o u g h  t h e  s o l u b i l i t y ,  o f  t h e  a c t i v e  s a l t  i s  t w i c e ,  t h a t  .of 
t h e  i n a c t i v e , . P a s t e u r  - e x p e r i e n c e d  g r e a t  d i f f i c u l t y  w i t h  t h e i r  
s e p a r a t i o n  s i n c e  t h e y  e x h i b i t e d  i so m o rp h is m .
- t  - , . . The . c o n s t i t u t i o n  o f . t h e s e  two a l c o h o l s  was . f i r s t
e s t a b l i s h e d  b y -E r le i im ey e r  (2 )  who found  t h a t  o x i d a t i o n  of  
t h e . i n a c t i v e ,  amyl a l c o h o l ,  gave, t h e  same v a l e r i c  a c i d  as.  t h a t  
o b t a i n e d  by h y d r o l y s i s  o f . i s o - b u t y l  c y a n i d e ,  and  by S a u r  (3 )  
w h o - o x i d i s e d  t h e  a c t i v e ,  amyl a l c o h o l  and  o b t a i n e d  an a c i d  
i d e n t i c a l  w i t h  s y n t h e t i c  m e t h y l - e t h y l - a c e t i c  a c i d .
f  • Many a t t e m p t s  have  s i n c e  b e e n  made t o  s e p a r a t e  ' '
o p t i c a l l y  p u r e  ( - ) s e c - b u t y l  c a r b i n o l .  ■ The f i r s t  w o rk e r  t o  
o b t a i n  amyl a l c o h o l : o f  h i g h e r  r o t a t o r y  power t h a n  P a s t e r n  
was Le B e l  ( 4 ) ,  i n  1874,  who d i s c o v e r e d  t h a t  i s o - b u t y l  
c a r b i n o l  r e a c t e d ,  w i t h  h y d ro g e n  c h lo r id e -  more r e a d i l y  t h a n
od i d  s e c - b u t y l  c a r b i n o l ;  s t a r t i n g  w i t h  f u s e l  o i l  o f  od^- 1 . 9 6
* I n  t h i s  d i s c u s s i o n ,  a l l  o b s e r v e d  r o t a t o r y  po w e rs  a r e  
f o r  ( 1 , 1 ) o
S2l j
he o b t a i n e d  amyl a l c o h o l  w i t h  ^ J>-4*53° i n  lOy y i e l d . ,  b
. P l i m p t o n - ( 5 ) ? i n  1881 ,  r e p e a t e d  Le B e l 1s w ork"and  !
o b t a i n e d  amyl a l c o h o l  w i t h ,  oC^- 4 . 0 °  i n  23% y i e l d . . He fo u n d  : 
t h a t  t h e  t im e  of. • e s t e r i f i c a t i o n  - r e q u i r e d  was 5 - 6  weeks .
R o g e r s  ( 6 ) , i n  1 8 9 3 , ' a l s o  c o n f i rm e d  Le Bel* s work and  by . j
c a r r y i n g  o u t ■t h e  r e a c t i o n  u n d e r  p r e s s u r e  r e d u c e d  t h e  t im e  
o f  e s t e r i f i c a t i o n  t o  a  few h o u r s .  He t h u s  o b t a i n e d  amyl 
a l c o h o l  with.- frOj, “ -5.2° i n  3?  y i e l d .
O p t i c a l l y  p u r e  ' ( - ) s e c - b u t y l  c a r b i n o l  was f i r s t  
o b t a i n e d  by Marckwald and Me E e n z i e  (7)  i n  1901.  , I n  t h i s .
o
c
c l a s s i c a l  .-work f u s e l  o i l  amyl a l c o h o l  w i t h  oCjg-1.1. was
t r e a t e d  by t h e  Le B e l - R o g e r s f m ethod  t o  g i v e  a  p r o d u c t  w i t h
, , 0  ■ jZO Q
odjj - 2 . 9 5  • f h i s  a l c o h o l ,  was t h e n  combined, w i t h  3 - n i t r o p h t h a l i c  j
a c i d  t o  fo rm  l - a m y l - 2 - h y d r o g e n - 3 - n i t r o p h t h a l a t e  and  t h i s  j
j
•f
j
was r e c r y s t a l i i s e d ’ many t im e  s .f rom  b e n z e n e . - T h e . s e c - b u t y l  |
c a r b i n o l : .  t h u s  o b t a i n e d ,  i n  5 % y i e l d ,  b y - h y d r o l y s i s  o f  th is . . . /
o0 * 0
e s t e r ,  h a d  b . p .  128 ; .d,® ,0.81b- and t h e  f o l l o w i n g  r o t a t o r y  
p ow ers :  -
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I n  1304 E l a g e s  and S a u t t e r  (t>) c o n f i r m e d  t h i s  work
r - i s 0
and o b t a i n e d  s e c - b u t y l  c a r b i n o l : w i t h  LKJ3 - 5 . 6 9  i n  . 21 y i e l d . 
They a l s o  o b t a i n e d ■ ( - )amyl a l c o h o l  o f  '42-61/c p u r i t y  by- . 
d i s t i l l a t i o n  of  f u s e l  o i l .
- . I n  1914 Y o te c e k  a n d - Y e s e l y  (9)  o b t a i n e d  ( - ) a m y l
5a
a l c o h o l  c o n t a i n i n g •46$ of  t h e  a c t i v e  c o n s t i t u e n t  by f r a c t i o n a l
d i s t i l l a t i o n  o f  f u s e l :  o i l .
. The f i r s t . a t t e m p t . t o  r e s o l v e  s y n t h e t i c  d l - s e c - b u t y l
c a r b i n o l :  was made, by  Cohen, M a r s h a l l  and Woodman ( 1 0 ) ,  i n  1915,
u s i n g  t h e  method of  P i c k a r d  and Eenyon ( 1 1 ) .  By r e p e a t e d
c r y s t a l l i s a t i o n  o f  t h e  b r u c i n e  and c i n c h o n i d i n e  s a l t s  o f  amyl
h y d r o g e n  3- n i t r o p h t h a l a t e  t h e y  o b t a i n e d  t h e  ( - )  and (h-)
e n a n t io m o r p h s  o f  t h e  a c i d  e s t e r  r e s p e c t i v e l y .  However,
h y d r o l y s i s  o f  t h e s e  a c i d  e s t e r s  r e s u l t e d  i n  a c t i v e  amyl a l c o h o l
w i t h  r o t a t o r y  p o w ers  o f  o n ly  2d a n d  [•£] - 4*1 ,
r e s p e c t i v e l y .  ‘The a u t h o r s  c o n c lu d e d  t h a t  some r a c e m i  s a t  i o n
o c c u r r e d  d u r i n g  h y d r o l y s i s .
. A  s u c c e s s f u l  i s o l a t i o n  o f  ( - ) s e c - b u t y l  c a r b i n o l  f rom
t h e  d l - a l c o h o l  was,  ho w ev er ,  made by von  R a lk e n h a u s e n  and
l e u b e r g  (12)  i n  1931* They r e  c r y s t a l l i s e d  £ - a m y l - d - g l u c o s i d e
t e t r a a c e t a t e  66 t i m e s  f rom  94% e t h y l  a l c o h o l  and  t h e  o p t i c a l l y
,— ,»o° 0
p u r e  s e c - b u t y l  c a r b i n o l  t h u s  o b t a i n e d  h a d  I ^ J ^ - 5 . 8 8 .
U s in g  t h e  Le B e l  -  R o g e r s '  m ethod ,  f o l l o w e d  by 
’f r a c t i o n a l  d i s t i l l a t i o n , . B rau ns  ( 1 3 ) ,  i n  1937 ,  o b t a i n e d  98p
lo° 0p u r e  s e c - b u t y l  c a r b i n o l  w i t h  U.% - 4 . 7 5  f rom  f u s e l  o i l  amyl
X  o* ©a l c o h o l  w i t h  oC^  - 2 . 0  . . The f u s e l  o i l  was s p e c i a l l y  o b t a i n e d  
by . the  f e r m e n t a t i o n  o f  a  m i x t u r e  o f  cane and b e e t  s u g a r  
• molassesV; i n  p r o p o r t i o n s  c a l c u l a t e d  t o  g i v e  t h e  maximum 
amounts o f  t h e  a c t i v e  i s o m e r .  B r a u n s  s t a t e d  t h a t  i f  e v e r  he 
h ad  o c c a s i o n  t o  r e p e a t  t h i s  p r e p a r a t i o n ' h e  would u s e  h i g h  
e f f i c i e n c y  d i s t i l l a t i o n  a l o n e .
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The f i r s t  w o r k e r s  t o  a d o p t  t h i s  p r o c e d u r e  were 
Whitmore and Olewine ( 1 4 ) ,  i n  1938,  -fio used, i n i t i a l l y  27 and 
52 f t .  f r a c t i o n a t i n g  columns w i t h  f u s e l  o i l  amyl a l c o h o l
1 1 °  o
h a v i n g  < X ^-0 .69 , .  f i n a l l y  t h e y  u s e d  a  101 p l a t e ,  38 f t . ,  
column w hich  .gave a p r o d u c t  w i t h  a  maximum o b s e r v e d  r o t a t i o n  
o f  L /J j j -o .0 4  .
•Birum ( 1 5 ) ,  i n  1939,  w h i l e  i n v e s t i g a t i n g  t h e  Le.
B e l  and Rogers* methods ' o b t a i n e d  a  75% p u r e  ( - ) a m y l  a l c o h o l  
f rom  f u s e l  o i l  c o n t a i n i n g  20% o f  t h e  a c t i v e  c o n s t i t u e n t .
I n  t h e  same y e a r  Barrow and A t k i n s o n  (16)  f a i l e d  
t o  r e s o l v e '  c o m p l e t e l y  t h e  d l - a l c o h o l  by r e c r y s t a l l ! s i n g  t h e  
( 4 - ) t a r t r a n i l a t e .  b e c a u s e ,  o f  t h e  f o r m a t i o n  o f  mixed c r y s t a l s ,  
t h e  r e s u l t i n g  ( - )  s e c - b u t y l  c a r b i n o l  had  o n l y  [^1^-3*  6 .
f ro m  1942 onward d i s t i l l a t i o n  a p p e a r e d  t o  become 
t h e  f a v o u r e d  m ethod  o f  i s o l a t i o n ,  f o r  f i v e  s e p a r a t e  i n v e s t i g ­
a t i o n s  a r e  r e c o r d e d  b u t  i n  none  was t h e  o p t i c a l l y  p u r e  ( - ) s e c -  
b u t y l  c a r b i n o l  o b t a i n e d .  Brown and G-root (17)  r a i s e d  t h e  
c o n t e n t  o f  ( - )  s e c - b u t y l '  c a r b i n o l  i n  a  spec im en  o f  f u s e l  o i l  
f rom  1 5 . 6  t o  85-90% by two c o n s e c u t i v e  d i s t i l l a t i o n s  t h r o u g h  ■ 
a  1 08 !f, 50 p l a t e ,  f e n s k e  column ( 1 8 ) .
B a d in  and P a c s u  ( 1 9 ) ,  i n  1945 ,  u s e d  a  12 p l a t e  
f e n s k e  column and by  e i g h t  c o n s e c u t i v e  d i s t i l l a t i o n s  o b t a i n e d
2 o°
90% p u r e  ( - )  s e c - b u t y l  c a r b i n o l  -5 •  42° ) f ro m  f u s e l  o i l
.
w i t h  . a - 1 . 4 0 °  . '
I n  t h e  same y e a r  Y e l i c k  and  B n g l i s h  (20 )  o b t a i n e d
amyl a l c o h o l  w i t h  0^ - 4 * 66° f rom  f u s e l  o i l  w i t h  ^  -0 .9°  >by 
t h r e e  c o n s e c u t i v e  d i s t i l l a t i o n s  t h r o u g h  a  4 f t .  Stedman 
column.
When t h e  v a p o u r  o f  d l - s e c - b u t y l  c a r b i n o l  was 
p a s s e d  t h r o u g h  a c t i v a t e d  c a r b o n  Iso n ,  a n d 'Hunt ( 2 1 ) ,  i n  1946 ,  
f o u n d  t h a t  t h e r e  was a s l i g h t  c o n c e n t r a t i o n  o f  t h e  a c t i v e  
( - )  i s o m e r  i n  t h e  u n a d s o r b e d  a l c o h o l .
I n  1948 Burwe11 and Gordon (22)  o b t a i n e d  amyl 
©
~5*76 by t h r e e  c o n s e c u t i v e  d i s t i l l a t i o n s  
t h r o u g h  a  H e l i g r i d - P o d b i e l n i a h  column: w h i l s t  i n  t h e  same 
y e a r  Brokaw and ‘Erode  ( 2 3 ) ,  u s i n g  a 100 p l a t e  column, o b t a i n e d -  
amyl a l c o h o l  w i t h  [V]^0- 5 .73°  f rom  f u s e l  o i l  c o n t a i n i n g  
1 0 - 2 2/o o f  ( - )  s e c - b u t y l  c a r b i n o l .  .
£(?
THB SEPARATION OF OPTICALLY PURE ( - )  sec-BUIYL CARBINOL ....
. FROM F u S l f  OIL, .  ■ -
I n t r o d u  c t i o n . _
I t  can  be s e e n  f rom  t h i s  h i s t o r i c a l . s u r v e y  t h a t  
t h e  i s o l a t i o n  o f  ( - ) s e c - b u t y l  c a r b i n o l  f rom  com m erc ia l  f u s e l  
o i l  i s  b e s t  e f f e c t e d  by f r a c t i o n a l  d i s t i l l a t i o n ,  s i n c e  
t h i s  p r o c e d u r e  i s  by f a r  t h e  s i m p l e s t  and  can ,  i f  n e c e s s a r y ,  
be c a r r i e d  o u t  c o n t i n u o u s l y .  ' P r e v i o u s  work ( 1 4 , 1 7 , 2 3 ) ,  
h ow ever ,  ' s u g g e s t s  t h a t  t h e  i s o l a t i o n  of  o p t i c a l l y  p u r e  
( - ) s e c - b u t y l  c a r b i n o l ,  i f  a t t a i n a b l e ,  would  r e q u i r e  t h e  u s e  
o f  f r a c t i o n a t i n g  columns o f  l a r g e  s i z e  and  v e r y  h i g h  e f f i c i e n c y ,  
w h ic h  would n o t  be a v a i l a b l e  t o  t h e  a v e r a g e  r e s e a r c h  - l a b o r a t o r y ,  
f o r  t h i s  r e a s o n  i t  was o r i g i n a l l y  p l a n n e d  t o  o b t a i n  by- 
d i s t i l l a t i o n  an amyl a l c o h o l  c o n t a i n i n g  a s  h i g h  a  c o n c e n t r a t i o n  
o f  ( - ) s e c - b u t y l  c a r b i n o l  a s  p o s s i b l e  and  t h e n  t o  c o m p le te  t h e
J
s e p a r a t i o n  by e i t h e r  ( a )  t h e  f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  
( - t )amyl h y d ro g e n  p h t h a l a t e ,  (b)  t h e  f r a c t i o n a l  c r y s t a l l i s a t i o n  
o f  an  a l k a l o i d a . 1  s a l t  o f  (4-)amyl h y d ro g e n  p h t h a l a t e ,  o r  ( c )  
t h e  method  o f  Marckwald .and Me K en z ie  (7 )  v i z . ,  t h e  f r a c t i o n a l  
c r y s t a l l i s a t i o n .o f  (+)am yl  h y d ro g e n  3 - n i t r o p h t h a l a t e . By 
u s i n g  ( - ) amyl a l c o h o l  c o n t a i n i n g  a, h i g h  p e r c e n t a g e  o f  ( - )  s e c -  
b u t y l  ■c a r b i n o l  a s  t h e  s t a r t i n g  m a t e r i a l ,  t h e r e  a p p e a r e d  some 
l i k e l i h o o d  o f  a  s u c c e s s f u l  s e p a r a t i o n ,  n o t  m a r r e d  by t h e  
f o r m a t i o n  o f  mixed c r y s t a l s  a s 'w a s  e x p e r i e n c e d  by Marckwald ( 7 )
Si
and by Cohen, M a r s h a l l  and Woodman ( 1 0 ) .  However , i t  was 
fo u n d  t h a t ,  n o t  o n ly  i s  (-f)amyl h y d r o g e n  p h t h a l a t e  an  o i l  
w hich  i s  v e r y  s low t o  c r y s t a l l i s e  and t h e  method  o f  Marckwald 
and Me K e n z ie  v e r y  t e d i o u s ,  b u t  a l s o  i t  was shown, f o r  t h e  
f i r s t  t i m e , ' t h a t  o p t i c a l l y  p u r e  ( - ) s e c - b u t y l  c a r b i n o l  c an  
be o b t a i n e d  f rom  f u s e l  o i l ,  c o n t a i n i n g  o n ly  1 8 .5 - 2 0 $  o f  t h e  
a c t i v e  c o n s t i t u e n t ,  by f r a c t i o n a l  d i s t i l l a t i o n  i n  r e l a t i v e l y  
s im p le  equ ipm en t  v i z . ,  p a c k e d  d i s t i l l a t i o n  columns n o t  more 
t h a n . s i x  f e e t  h i g h .
3%
S e p a r a t i o n  by • F r a c t i o n a l  C r y s t a l l i s a t i o n  o f  (-h) 2- A m y l - I -  -
H y d r o g e n - 3-1 i t r o p h t h a l  a t  e . p
(a )  The P r e p a r a t i o n  o f  (4-) 2 - s e c - B u t y l m e t h y l - l - H y d r o g e n - 3- 
- p . -  i f i t r o p h t h a l a t e . ,
I n  t h e  f i r s t  e x p e r im e n t  3 - n i t r o p h t h a l i c  a n h y d r i d e  
was h e a t e d  w i t h  98*4% o p t i c a l l y  p u r e  ( - . ) arnyl a l c o h o l  and 
p y r i d i n e  d u r i n g  f i v e  h o u r s  a t  60° when (4-) 2 - a m y l - 1 - h y d r o  g en -  
3 - n i t r o p h t h a l a t e  was o b t a i n e d  a s  t h e  p r i n c i p a l  p r o d u c t .  I n  
l a t e r  e x p e r i m e n t s  t h e  p y r i d i n e  was o m i t t e d ,  w h ich  p r o v e d  
s i m p l e r  and j u s t  a s  s a t i s f a c t o r y .
The c ru d e  (h )  2 - a m y l - l - h y d r o g e n - 3 - n i t r o p h t | i a l a t e  
f ro m  t h e  f i r s t  e x p e r im e n t  w a s ' f r a c t i o n a l l y  c r y s t a l l i s e d  f rom  
b e n ze n e  u n t i l  t h e  r o t a t o r y  p ow e rs  o f  t h e  p u r e s t  f r a c t i o n s  
(7 & 9, see  page  94 ) had  r e a c h e d  t h e  maximum v a l u e  ( M  
+ 2 . 6 ° ;  c , 1 0  i n  a c e t o n e  s o l u t i o n ) .  These  f r a c t i o n s  were  
t h e n  combined and when h y d r o l y s e d  w i t h  h o t  sodium h y d r o x i d e  
. s o l u t i o n  gave ( - ) a m y l '  a l c o h o l " o f  o n l y ' 9 7 • 6% o p t i c a l  p u r i t y .
I n  v iew  o f  l a t e r  r e s u l t s ,  w h ich  show t h a t  no r a c e m i s a t i o n  o f  
( - ) a m y l  a l c o h o l  t a k e s  p l a c e  d u r i n g  t h e  s a p o n i f i c a t i o n  of,.
(fO 2 - a m y l - l - h y d r o g e n - 3 - n i t r o p h t h a l a t e , i t  can  o n ly  be assumed 
t h a t  t h e  s e p a r a t i o n  was n o t  c a r r i e d  t o  c o m p l e t i o n .
I n  i n f r a - r e d  a b s o r p t i o n  e x p e r i m e n t s  by, Mr. J .M ann 
i t  was n o t  p o s s i b l e  t o  i d e n t i f y  t h e  i m p u r i t y  i n  t h e  ( - ) a m y l  
a l c o h o l  i s o l a t e d  f rom t h e  f r a c t i o n s  o f  h i g h e s t  p u r i t y  (711 9 ) .
T h e .- u n u s u a l l y  h i g h  r o t a t o r y  p ow e rs  o f  some o f  t h e
c ru d e  a c i d  e s t e r  f r a c t i o n s  axe  p r o b a b l y  due t o  t h e  p r e s e n c e
17
o f  (- f ) 1 -  amyl - 2-hydro .gen-  3 - n i t r  o p h t h a l  a t  e ([*4^+6..5°; £ , 1 0
i n  a c e t o n e  s o l u t i o n ) ,  f o r  Marclcwald and Me K e n z ie  (24.) p r o v e d  
t h e  p r e s e n c e  o f  t h i s  i s o m e r  i n  t h e i r  c ru d e  (+) 2- a m y l - 1 - h y d r o g e n  
3- n i t r o p h t h a l a t e *  S i m i l a r l y  t h e  p r e s e n c e  o f  t h e  (-h) 1 -am yl  
i s o m e r  i n  t h e  f r a c t i o n s  of  h i g h e s t  purity ., ,  would g iv e  a f a l s e  
i d e a  o f  t h e i r  p u r i t y .
S u f f i c i e n t  has- b e e n  done,  h ow ever ,  t o  show ho / 
t e d i o u s  i s  su c h  a m ethod ,  ev en  when s t a r t i n g  w i t h  ( - ) a rn v l  
a l c o h o l  o f  a v e r y  h i g h  d e g re e  o f  p u r i t y  ( 9 8 .4 $ )  and  i t  g i v e s  
e m p h a s i s  t o  t h e  s u p e r i o r i t y  o f  t h e  d i s t i l l a t i o n  m ethod .
i .  • . ...
Marckwald (7)  s t a t e s  q u i t e  c l e a r l y  t h a t  t h e  n i t r o -  
e s t e r  i s  q u i c k l y  s a p o n i f i e d  ,by c o ld  d i l u t e  sodium h y d r o x i d e ,  
how ever ,  i n  t h i s  p r e s e n t  work i t  was f o u n d  n e c e s s a r y  t o  c a r r y  
o u t  t h e  h y d r o l y s i s  a t  1 0 0 ° .  Cohen, M a r s h a l l  and  Woodman (10)  
a l s o  h a d  t o  u s e  h o t , a l k a l i  t o  e f f e c t  h y d r o l y s i s .
(b)  The S a p o n i f i c a t i o n  o f  (-H)jSmyl and  ( - )  s e c - B u t y l  H ydrogen  
3 - H i t r o p h t h a l a t e s .
:Marckwald and Me - K e n z ie  (7 )  d i d  n o t  o b s e r v e  r a c e -  
m i s a t i o n  d u r i n g  t h e  s a p o n i f i c a t i o n  o f  t h e  a m y l .h y d r o g e n  3 - n i t r o  
p h t h a l a t e s ;  however , .  Cohen, M a r s h a l l  and Woodman ( 1 0 ) ,  i n  
o r d e r  t o  e x p l a i n  t h e i r  f a i l u r e  t o  o b t a i n  p u r e  (+) and  ( - )  s e c -  
b u t y l  c a r b i n o l  by r e s o l u t i o n  o f  t h e  ' d l - d e r i v a t i v e , s u g g e s t e d  
t h a t  p a r t i a l  r a e e m i s a t i o n  o c c u r s  d u r i n g  t h e  h y d r o l y s i s  o f  
a c t i v e  :2-am yl- 1 - h y d r o g e n - 3 - n i t r o p h t h a l a t e  by h o t  10$ p o t a s s i u m
60
h y d r o x i d e  s o l u t i o n .  They c r y s t a l l i s e d  t h e  b r u c i n e  s a l t  o f  
d l - 2 - amyl- 1 - h y d ro  g e n - 3 - n i t r o p h t h a l a t e  f rom  d i l u t e  a l c o h o l  t o  
c o n s t a n t  m e l t i n g  p o i n t  (1 0 5° )  and o p t i c a l  r o t a t i o n  and o b t a i n e d
X o°
( - )  2 - a m y l - l - h y d r o g e n - 3 - n i t r o p h t h a l a t e  w i t h  - 2 .6 7 °  ( c ,4 1 1 1  
i n  a l c o h o l  s o l u t i o n ) . S i m i l a r l y  t h e  c i n c h o n i d i n e  s a l t '  o f  t h e  
d l - a c i d  e s t e r ,  a f t e r  some 20 c r y s t a l l i s a t i o n s ,  gave (-f) 2 - amyl-1  - 
h y d ro  g en -  3 - n i t r  o p h t h a l  a t  e ' w i t h  M ^ ° + 2 .6 5 °  ( e ,5 « 6 6  i n  a l c o h o l  
s o l u t i o n ) *  H y d r o l y s i s  o f  t h e  ( - ) a c i d  e s t e r  w i t h  h o t  10y 
p o t a s s i u m  h y d r o x i d e  s o l u t i o n  gave (4-)amyl a l c o h o l  w i t h  jKLy*'3• 28° 
w h i l s t  t h e  (-+-)acid e s t e r  gave ( - )  amyl a l c o h o l  w i t h  1* •
I t  h a s  now b e e n  shown t h a t  when e i t h e r  ( 4 - )  2 - a m y l - 1-  
h y d r o g e n - 3 - n i t r o p h t h a l a t e  o r  ( - ) 2 - s s e c - b u t y l - 1 - h y d r o g e n - 3- 
h i t r o p h t h a l a t e  i s  h y d r o l y s e d  by b o i l i n g  w i t h  (1)  H .sod ium  
h y d r o x i d e  i n  w a t e r y  (2 )  20% sodium h y d r o x i d e  i n  w a t e r ,  (3)
I . s o d i u m  c a r b o n a t e  i n  w a t e r ,  o r  (4 )  .20% p o t a s s i u m  h y d r o x i d e  
i n  85/S a l c o h o l ,  t h e  a l c o h o l  l i b e r a t e d  h a s  i n  a l l  c a s e s  t h e  
same p . p . , ^  and cl s d i d  t h e  . a l c o h o l ' u s e d  f o r  p r e p a r i n g
t h e  a c i d  e s t e r .
T hese  r e s u l t s  show t h a t  a l k a l i n e  h y d r o l y s i s  o f  
2 - a l k y l - 1 - h y d r o g e n - 3- n i t r o p h t h a l i c  e s t e r  s f rom  e i t h e r  p r i m a r y ■ 
o r  s e c o n d a r y  o p t i c a l l y  a c t i v e a l c o h o l s  d o e s  n o t  b r i n g  a b o u t  
r a c e m i s a t i o n ; . t h i s  r e s u l t  c a n n o t ' b e ' r e c o n c i l e d  w i t h  t h e  
c o n c l u s i o n  o f  Cohen, M a r s h a l l  and  Woodman ( 1 0 ) .
I t  i s  u n f o r t u n a t e  t h a t  t h e s e  w o r k e r s  d id  n o t  u s e  
t h e  name s o l v e n t  ( a c e t o n e )  a s  Marckwhld,  f o r  t h e  d e t e r m i n a t i o n  
o f  t h e  r o t a t o r y  pow ers  o f  t h e  ( - )  and  ( t )  a c i d  e s t e r s ,  a s  
t h e i r  r e s u l t s  co u ld '  t h e n  have  b e e n  compared.
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S e p a r a t i o n  by F r a c t i o n a l  D i s t i l l a t i o n .
This., s e p a r a t i o n ,  which  i s  d e s c r i b e d  ■ in- d e t a i l  be low ,  
was u n d e r t a k e n  j o i n t l y  w i t h  D r .  T.A. R o h a n 'w i t h  t h e .  o b j e c t  
o f  o b t a i n i n g  a su p p ly  o f  amyl a l c o h o l  o f  h i g h  o p t i c a l .p u r i t y  
f o r  i n d e p e n d e n t  l i n e s  o f  i n v e s t i g a t i o n .  ...
f u s e l  o i l  o f  b . p .  80-132° , . c o n t a i n i n g  '1-2$) b o i l i n g  
b e tw ee n  80° and 1.26° and 1 8 . 5 -20g  o f  ( - )  s e c - b u t y l  c a r b i n o l ,  
was u s e d  a s  t h e  s t a r t i n g  m a t e r i a l  f o r  t h e s e  d i s t i l l a t i o n s .
• • I n  the.. - e a r l i e r  s t a g e s  o f  t h e  work l a c k  of  equ ipm en t  
n e c e s s i t a t e d  t h e  u s e  of  t h e  s i m p l e s t  a p p a r a t u s  w h ich  was 
im p ro v ed  i n  c o u r s e  o f  t im e  and w i t h  i n c r e a s i n g  e x p e r i e n c e . 
C o n s e q u e n t l y  a  number o f  .columns o f  v a r y i n g  h e i g h t s  and . 
p a c k i n g  m a t e r i a l s ” were c o n s t r u c t e d  and u s e d ,  t h e s e  w i l l  be  
d e s c r i b e d . i n  t h e  o r d e r  o f  t h e i r  u s e .  E v e n t u a l l y  b o t h  t h e  
o p t i c a l l y  p u r e  ( - ) s e c - b u t y l  c a r b i n o l  ( b . p . 128°)  and a l s o  t h e  
o p t i c a l l y  i n a c t i v e  I s o - b u t y l  c a r b i n o l  ( b . p .  131° ) were  
i s o l a t e d  f rom  t h e  f u s e l ,  o i l .  . ....
I n  i n f r a - r e d  a b s o r p t i o n  e x p e r i m e n t s  by H r .  J . Mann 
i s o - b u t y l  c a r b i n o l  was n o t  d e t e c t e d  i n  t h e  ( - ) s e c - b u t y l
\t° 0 ■■;
c a r b i n o l  o f  maximum r o t a t i o n  ( - 4 . 8 2  ) .
The f i r s t  column u s e d  i n  t h e  p r e s e n t  work was f o u r  
f e e t  h i g h  and f o u r  c e n t i m e t r e s  i n  d i a m e t e r ,  p a c k e d  w i t h  g l a s s  
b e a d s  and l a g g e d  a l o n g  i t s  whole  h e i g h t  w i t h  a s b e s t o s  c o r d .
The column w a s 'S u rm o u n te d  b y  a  r e f l u x  c o n d e n s e r  and a 
v a r i a b l e  r e f l u x  s t i l l h e a d  o f  Me I n t y r e  t y p e  with, w h ich  t h e  
r a t e  o f  r e m o v a l  o f . d i s t i l l a t e  i s  c o n t r o l l e d  by s. stoie cock .
T h i s  t y p e  o f  s t i l l h e a d  was u s e d  on a l l .  t h e  co lumns s u b s e q u e n t l y  
c o n s t r u c t e d  f o r  t h i s  work.
The h e i g h t  o f  t h i s  f i r s t  column was n e x t  i n c r e a s e d  
t o  s i x  f e e t  by  t h e  a d d i t i o n  o f  an  e x t r a  two f o o t  s e c t i o n  
p a c k e d  w i t h  H a s c h ig  r i n g s ;  t h i s  i n c r e a s e d  t h e  e f f i c i e n c y  o f  
t h e  column a s  w i l l  be s e e n  f rom  T a b le  I .
T a b le  I .
The Change i n  R o t a t o r y  Poorer o f  Amyl A l c o h o l  on D i s t i l l a t i o n .
Column.
10
b e f o r e  d i s t ’n .  : % D i s t i l l a t
j 20: c*2> o i
: d i s t i l l a t e .
4 f t .  
6 f t .
- 1.0
- 1 . 0°
1 8 -2 0
1 8 -2 0
: - 1.88 
#
: - 1 .88  -  2 .33
T h i s  s i x  f o o t  column was t h e n  d i s c a r d e d , . i n  f a v o u r  o f  
f o u r  s m a l l e r  columns p a c k e d  w i t h  f e n s k e  g l a s s  h e l i c e s  ( 1 8 ) : -
( 1 ) One s e c t i o n ,  t h r e e  f e e t  h i g h  and l a g g e d  w i t h  a s b e s t o s
( 2 ) Two 20 i n c h  s e c t i o n s ,  e l e c t r i c a l l y  h e a t e d  and mounted  
one above t h e  o t h e r .  . '
(3) One two f o o t  s e c t i o n  su rm ou n ted  by one 18 i n c h  
s e c t i o n ,  t h e  whole  b e i n g  l a g g e d ' w i t h  a s b e s t o s  c o r d .
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(4) '  • ■ One t h r e e  f o o t  s e c t i o n  l a g g e d  w i t h  a s b e s t o s  c o rd .
Columns. •( 1) and (2)  were  u s e d  f o r  f r a c t i o n a t i n g  t h e  
e n r i c h e d  p r o d u c t  a l r e a d y  o b t a i n e d  and columns (3)  and (4)  
f o r  f r a c t i o n a t i n g  more c ru d e  m a t e r i a l .  I n  a l l  c a s e s  t h e  
d i s t i l l a t e  was removed a t  t h e  r a t e  o f  a p p r o x i m a t e l y  1 0 c . c .  
p e r  h o u r  w i t h  a  r e f l u x  r a t i o  o f ; a b o u t  50 t o  1 .  I t  was fo u n d  
t h a t ,  i n  t h i s  way, t h e  columns p e r f o r m e d  w i t h  .h igh  e f f i c i e n c y ,  
t h e  r e s u l t s  b e in g  .de te rm ined  by t h e  o p t i c a l  r o t a t o r y  power of  
t h e  d i s t i l l a t e ,  f r a c t i o n s  o f . c a . . 2 0 - 5 0 c . c .  were  c o l l e c t e d  
and g r a d e d  a c c o r d i n g  t o  t h e i r  r o t a t o r y  po w e rs  i n t o  b o t t l e s .
The d i s t i l l a t i o n ,  was c o n t i n u e d  u n t i l  t h e  l i q u i d  i n  t h e  f l a s k  
was d i s t i l l e d  t o  d r y n e s s  o r  was of; such  low7 r o t a t o r y  power  
a s  t o  be d i s c a r d e d .  T y p i c a l  r e s u l t s  o b t a i n e d  w i th ,  t h e s e  f o u r  
co lumns a r e  shown i n  T a b le  I I .  . .
: f i n a l l y  i t ' w a s  f o u n d  t h a t  when t h e  number c f  co lum ns 
was r e d u c e d  t o  t w o , ' b y  com bin ing  some o f  t h e  above  t o g e t h e r ,  
e f f i c i e n c y  was i n c r e a s e d  s t i l l  f u r t h e r : -
Column ( l a ) .  . Column (2)  was mounted  above column (1 )  t o  g iv e  
a  column o f  t o t a l  h e i g h t  76 i n c h e s ;  t h i s  was 
. u s e d  f o r  f r a c t i o n a t i n g  t h e . a m y l  a l c o h o l  of  
lo w e r  r o t a t o r y  p o w e rs .  . . .
Column ( 2 a ) .  Two g l a s s  co lumns ( 36s’ x f ) ,  p a c k e d  w i t h  f e n s k e  
g l a s s  h e l i c e s  and surrounded,  w i t h  chromium 
p l a t e d  e l e c t r i c  h e a t i n g  j a c k e t s ,  • were mounted, 
one above t h e  o t h e r .  T h i s  was u s e d  f o r  f r a c t i o n ­
a t i n g  t h e  amyl a l c o h o l  o f  h i g h e r  r o t a t o r y  p o w e r s .
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T y p i c a l  p e r f o r m a n c e s  o f  t h e s e  two columns a r e  shown 
i n  T a b l e s  I I I  and  IV.
T a b le  I I .
The Change i n  'R o ta to r y  Power o f  Amyl A lc o h o l  on D i s t i l l a t i o n ,
: °\j>
C o lumn. : b e f  o re  d i  s t ’n . % D i s t i l l a t e .
oil0 Of
d i s t i l l a t e .
• Q 91 - 1 . 8 • 44 - 2 . 2  - 3 - 6 .
1 ■; -2 .75* 63 - 2 . 9 5 °  -  4.0*
2- : - 1 . 8 *  
•
50 - 2 . 1 ° -  3 .73°
* o
2 , : - 5 . 7 70 - 3 . 6 ° -  4 .45 °
# o
2 : - 4 . 1  
«
50 - 4 . 2 5 ° -  4 .55°
5 : - 0 . 9 8 °  • 25 - 1 . 5 3 ° -  2 .2 °
5 . : - 1 . 8 °  ’ 40 - 2 . 2 3 ° -  3 .10°
4 i - 0 .7 5 °  
•
12 - 1 . 6 ° -  1 . 6 7 °
«
4 t - 0 . 9 8 28. -1 .5 5 °  -  2. 05°
■ I n  o r d e r  t o  compare t h e  r e l a t i v e  f r a c t i o n a t i o n  
e f f i c i e n c e s  o f  Denske- g l a s s  h e l i c e s  and  D ix on  gauze  r i n g s  
( 2 5 ) ,  one 20 i n c h  s e c t i o n  o f  column (2 )  was f i r s t  p a c k e d  w i t h  
h e l i c e s  and l a t e r  w i t h  gauze  r i n g s .  * Two d i s t i l l a t i o n s  were 
c a r r i e d ,  o u t ' w i t h  e ac h  p a c k i n g ,  t h e  r e s u l t s  o f  w h ich  a r e  
shown i n  T a b le  V.
h .‘ D ixon  (25)  h a s  fo u n d  t h a t  f o r  maximum e f f i c i e n c y
i n  t h e  u s e  o f  t h e s e  r i n g s  i t  i s  n e c e s s a r y  t o  p r e f l o o d  t h e  
p a c k i n g  b e f o r e  d i s t i l l a t i o n  commences, p r e f e r a b l y  by t h e  
u s e  of  a  s p e c i a l  v a l v e  f i t t e d  a t  t h e  b a s e  o f  t h e  column.
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T a b le  I I I .
The Change i n  R o t a t o r y  Power o f  Amyl A lc o h o l  on D i s t i l l a t i o n .
Column. °tj>b e f o r e  d i s t !n . ■ % D i s t i l l a t e .
Kd Of
d i s t i l l a t e .
l a - 1 . 0 ° 25 -1 .35°  -  2.95°
l a -1 .85° 25 - 2 . 8 ' " -  3 .95°
l a - 2 . 6 ° 50 -3 .1 3 °  -  4 . 3 °
2a - 2 . 6 ° 35 - 4 . 0 "-  4’. 45* 
-3 .37°  -  3 .8°
2 a -3 .77° 36 - 4 . 5 °  -  4.75° 
- 4 * 0 ° -  4 .4 5 °
2a - 4 . 3 °
0 
0
tW 
w-
- 4 . 7 ° -  4 .8 °  
- 4 . 5 ° -  4 .7 ° .
2 a -4*72° 45 - 4 . 7 9 " -  4 .82°
As,  ho w ever ,  one o f  t h e s e  d e v i c e s  was n o t  a v a i l a b l e  p r e f l o o d i n g  
h a d  t o  be o m i t t e d  and  t h e  d i s t i l l a t i o n s  u s i n g  . t h i s  p a ck in g .  
were  t h u s  c a r r i e d  o u t  i n  e x a c t l y  t h e  same manner  a s  t h o s e  
u s i n g  t h e  h e l i c e s ,  ho e l e c t r i c  h e a t i n g  was n e c e s s a r y  owing 
t o  t h e  s m a l l n e s s  o f  t h e  column.
The r e s u l t s  show Dixon- gauze  r i n g s  t o  be more 
e f f i c i e n t  t h a n  f e n s k e  h e l i c e s ,  even  t h o u g h  t h e y  w ere  n o t  b e i n g  
u s e d  u n d e r  t h e  most  f a v o u r a b l e  c o n d i t i o n s .  D ixon  h a s  s t a t e d  
(25)  t h a t  w i t h  h i s  gauze  r i n g s  a f i g u r e  o f  84 t h e o r e t i c a l  
p l a t e s  p e r  f o o t  o f  h e i g h t  of  column can  be a t t a i n e d  u n d e r  
optimum c o n d i t i o n s ,  w h e re a s  t h e  maximum f i g u r e  r e c o r d e d  f o r  
f e n s k e  h e l i c e s  i s  10 .  D ixon  gauze  r i n g  p a c k e d  co lum ns,  u n d e r  
optimum c o n d i t i o n s ,  s h o u l d . t h u s  prove: - f a r  more e f f e c t i v e  t h a n
T ab le  IV .
r - I ' ,  A 1 . b-.? , b n
„■_________ a t o r y  Power o f  Amyl A l c o h o l  on D i s t i l l a t i o n ,
T a b le  IV.
me and.
t a r t i n g
r i a l .
Volumes ( c . c . ) and R o t a t o r y
V o lu  
of  S
Mate 1 2 3 4 5 6 7 8 9 10 11
Column l a .
c .  c .
°Sj> •
1800
- 1 . 0 °
40
2 .2
50
2 .95
55
2 .4
65
2 .55
50
2 .45
51
1 .8 5
52
2 .2
50
2 . 0
52
2 .0
50
1 .7
-
■c. c. u 10
930
-1 .8 3 °
50
3*2
50
3 .3
50
3 .3
50 
3 .25
60
3 .3
60'
2 .65
52
2 .45
51
2 .15
52
1 .5 5 - -
c .  c .
a°***!> •
800
- 2 .5 7 °
44
2 .8
m  t
50
3 .45
50 .
3 .4
50
4 . 3
50 - ;
4 . 2
50
4 ,15
50
3.9.
50 
3. 6
50
J - 1
50 
.2. 6
50
1 .75
Column 2a.
c .  c .
oL*0'
700
-1Y75*
41
3 .85
28
3 .85
23
3-85
29 _ 
3 .6
16
3 .7
23
3 .45
23
3 .35
15
3 .3
"26
3 .05
12
2 .8
18
2.75
c.  c.  
V  *
800
-2 .6 ° - .
1 7
0 .5 5
31
2. 2
31
4 . 0
30
4 .45
42
4 .1
30
4 .3
29
4 .1
35
4 .15
35
4 . 2
45
4 .0 5
33
3*8
c.  c.
, 10‘2) »
910
-3 .77°
30
3 .3
34
4 .1
26
4 .45
38
4 .65
37
4 .55
42
4 .7 5
3A
4.'55
40
4 .7 5
29
4 .5 5
39
4 .6 5
35 ■ 
4 .4
G. C.
£> *
700
- 4 .3 °
23
3 .65
24
4 .3
27
4 .5
35
4 .75
29
4 .6
45
4 .7
33
4 .6
33
4 .8
50
4 .7
21 
4 .6
35 , 
4 .65
C. C.
~/,6‘ «*£ *
460
- 4 .5 7 *
48
4 .7 '
49
4 .7
19
4 .7
16
4 .7
16
4 .6 5
25
4 .7
29
4 .7
26
4 .75
40 
4 ,7  .
43
4 .7
32
4.7
c.  c.
j  2 0
“<o •
875
- 4 .7 3 *
20
4 .7
55
4 .6 5
70
4 .7 5
14
4 .75
55
4 .7 3
14
4 .7 2
80
4 .7
20
4 .75
41
4 .7 5
30
4 .7 5
17
4.75
b l
2 0Pow ers  [ o( -5 1 .1 ) o i  D i s t i l l e d  F r a c t i o n s .
12 13 14 15 16 17 18 19 20 21 22 R e s i d u e .
1230 c.  c.
- 0 . 5 20 *0> •
400 c . c .  
-0 .45*  cL*°'.
50 -
0 .95  -
138
- 0 . 1 5 '
c.  c.
.  20*
35 29 21 . 18 22 14
2 .5  2 .0 5  2 . 0  1 . 7  1 . 6  1 .4 5  -
oc90 
'.-0.3*
c .  c.lo%
J> •
42 35 42 38 43 . 43 33
3 .6  3 .15- 3 .3 5  2 . 3  1 . 8  0 .9  0 .6
132 
- 0 .1 5 °  «/,
c .  c .
37 30 39 21 30 32 36 30 17 25 40 120
4.55  4 . 4 ; 4 .5  4 .2 5  4 .3 5  4 .2 5  4 .3  3 .9 5  4 .0 5  3 .7  3 . 4  - 0 . 9 5  <
c . c .
34 50 25 44 34 38 30
4 .6  4 .7  4 .5 5  4 .6  4 .6 5  4 .3  4 . 2
72
- 2 . 0 5 °  04;
c. c.
32 27
4.7  4 . 6
‘2 C . C .
3.95°
24 17 25 22 41 1 31 39
4.75 4 .7 5  4 .8 1  4 .3 2  4 .7 7  4 .7 6  4 .7 6  -
56 c . c .
- 4 . 6 °
6$
Pen sice ' columns i n  t h e  s e p a r a t i o n  o f  ( - )  s e c - b u t y l  c a r b i n o l  
f r o m . f u s e l  o i l .
■ f a b l e  V.
The Change i n  R o t a t o r y  Power o f  Amyl A l c o h o l  on D i s t i l l a t i o n .
, 20° _r*: <„ : : ’ o f
Column. : b e f o r e  d i s t h i .  : % D i s t i l l a t e .  d i s t i l l a t e . ‘
■ •  ♦ *
•  •  •
Pen she : - 1 . 2 °  , : - 4 0 .1  : - 1 .5 °  -  1 .9°
h e l i c e s  ; : :
p a c k e d .  : -1 .8 *  : 4 6 .2  : - 2 .0 °  -  2 .5 3 °
•  * *
•  * •
•  *■ - • •
D ixon  1: - 1 . 2 °  : 3 9 .5  : - 1 . 5 ° -  2.3°
r i n g  : : : ’
p a c k e d .  : - 1 .8 °  : 4 3 .2  - 2 . 0 * -  3*25*
I n  o r d e r  t o  e s t a b l i s h  t h e  r e l a t i o n s h i p  b e tw ee n  
t h e - r o t a t o r y  power and t h e  p e r c e n t a g e  c o m p o s i t i o n  of  m i x t u r e s  
o f  i s o - b u t y l  c a r b i n o l .and ( - ) s e c e b u t y l  c a r b i n o l , v a r i o u s  
s o l u t i o n s  o f  o p t i c a l l y  p u r e  ( - ) s e c - b u t y l  c a r b i n o l  i n  i t s  
i n a c t i v e  i s o m e r - were p r e p a r e d  and  exam ined  . p o l a r i m e t r i c a l l y . 
f h e  r e s u l t s  a r e  s h o r n  i n  f a b l e  VI and  Graph I  w h ich  i l l u s t r a t e  
t h e  l i n e a r  r e l a t i o n s h i p ,  f h e  r e s u l t s  o f  Marckwald a r e  i n  
a g re e m e n t  w i t h  t h i s .
I n  f a b l e  V II  a r e  r e c o r d e d  . the  r o t a t o r y  p ow e rs  of  
t h e  o p t i c a l l y  p u r e  ( - ) s e c - b u t y l  c a r b i n o l  a s  i s o l a t e d ,  i n  t h e  
p r e s e n t ' w o r k , ; f r o m ' f u s e l  o i l .
£<?
T a b le  V I .
The Observed  Ro ta t -o ry  Pow ers  of  S o l u t i o n s  o f  O p t i c a l l y  P u r e  
( - ) s e o - B u t y l  C a r b i n o l  i n  i  s o - B u t y l  C a r b i n o l .
% by  w t .  o f  
a  c t  i v e  i s o m e r . /*8°*n> ( 1 , 2 ) .
% o f  max. r o t a t i o n  
( - 9 . 6 3 ° ) •
1 4 .5 - 1 .3 6 ° 1 4 .1
3 2 .6 - 3 - 1 8 ° 33* 0
4 5 .1 i -£=• . -n 0 4 5 .4
6 1 .6 - 5 .9 4 * 6 1 .8
7 7 .2
0cvi.C-1 7 7 . 2
T a b le  V I I .
The O bserved  R o t a t o r y  P ow ers  o f  O p t i c a l l y  P u r e  ( - ) s e c - B u t y l
C a r b i n o l  I s o l a t e d ,  f rom  I n s  e l  O i l .
A ( 1 , 2 ) .  : U V  0 .8 1 3 7 )  .
6438 - 7 . 8 3 °  : - 4 . 7 8 °
5893 - 9 . 6 3 °  : - 5 . 8 8 °
579.0 - 9 . 9 5 °  : - 6 . 0 6 °
5461 - 1 1 . 3 8 °  : - 6 . 9 3 °
'5085 -13* 24 : - 8 . 0 6 °
4799 - 1 5 . 1 8 °  : - 9 . 2 5 °
4358 - 2 3 . 0 2 °  : - 1 4 . 0 5 °
OS-SERVED1 ROTATORY PT1 C O L E Y  P U R E
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STUDY OF THB.QXIDATIOl PRODUCTS Ok1 ( - ) sec-BUTYL GARBIKOL.
I n t r o d u c t i o n *
4 The• ■ p u b 1 i s h e d  r e s u l t s  o f  p r e v i o u s  w o r k e r s  i n d i c a t e
a l a c k  o f  c o n s t a n c y  i n  t h e  r a t i o  o f •t h e  r o t a t o r y  p o w e rs  o f  
t h e  i n i t i a l  ( - ) amyl a l c o h o l  and o f  t h e  (■+■) v a l e r a l d e h y d e  
o b t a i n e d  t h e r e f r o m  by o x i d a t i o n .  I t  t h e r e f o r e  seemed n o t  • 
im p r o b a b le  t h a t  some r a c e m i s a t i o n ,  p o s s i b l y  t o  v a r y i n g  e x t e n t s ,  
may o c c u r  d u r i n g  t h e  p r o c e s s  o f  o x i d a t i o n .  I t  was i n  o r d e r  
t o  o b t a i n  f u r t h e r  e v id e n c e  on t h i s  p ro b le m  t h a t  t h e „f o i l o w i n g  
e x p e r i m e n t s  Were u n d e r t a k e n .
S in c e  t h e  r o t a t o r y  power of  o p t i c a l l y  p u r e  (-*) 
v a l e r a l d e h y d e  was n o t  known w i t h  c e r t a i n t y  i t : was n o t  p o s s i b l e  
t o  d e t e r m i n e  d i r e c t l y  t h e  amount o f  r a c e m i s a t i o n  t a k i n g  p l a c e  
d u r i n g  t h e  o x i d a t i o n . o f  ( - ) a m y l  a l c o h o l ,  and so t h e  f o l l o w i n g  
p r o c e d u r e  was a d o p te d .
( - ) s s c - B u t y l  c a r b i n o l  o f  a  v e r y  h i g h  d e g re e  of  
o p t i c a l  p u r i t y  was o x i d i s e d  i n - t w o  ways: -  ■
( - ) s e c - B u t y l  G a r b i n o l ^ -. (4-) V a l e r a l d e h y d e
9 \  • l b
• \ v  y
(4-) V a l e r i c  A c id  
I n  t h i s  maimer i t  was hop ed  t o  d e t e r m i n e  t h e  e x t e n t  
o f  r a c e m i s a t i o n .  d u r i n g ;o x i d a t i o n ,  s i n c e  t h e  o p t i c a l  p u r i t y  
o f  b o t h  t h e  s t a r t i n g  m a t e r i a l  and t h e  u l t i m a t e  p r o d u c t  would 
be found, w i t h  a c c u r a c y  f rom  t h e  w e l l  e s t a b l i s h e d  r o t  ot 0 o ry  
p ow ers  o f  o p t i c a l l y  p u r e  ( - )  s e c - b u t y l  c a r b i n o l  and  (4-) 
v a l e r i c  a c i d .
IX
D i s c u s s i o n  o f  R e s u l t s  and C o n c lu s io n s .
( a). . ■ O x i d a t i o n  o f  ( - ) s e c - B u t y l  C a r b i n o l  t o  (4-) V a l e r a l d e h y d e ..
The method  employed was s i m i l a r  t o  t h a t  u s e d  by 
p r e v i o u s  w o r k e r s  P i s o b e r  ( 2 6 ) ,  B a d in  and P a c s u  (19) and 
Rohan (27)  and c o n s i s t e d  of  a d d in g  an  a c i d i c  p o t a s s i u m  
d ic h ro rn a te  s o l u t i o n  t o  b o i l i n g  ( - )  s e j c - b u ty l  c a r b i n o l  w h i l s t  
( 4 r ) v a l e r a l d e h y d e  was d i s t i l l e d  o f f  a s  fo rm ed ,  c a r e f u l  f r a c t i o n ­
a t i o n  e n s u r i n g  t h e  r e m o v a l  o f  o n ly  v a l e r a l d e h y d e  and w a t e r .
T hree  such  e x p e r i m e n t s  were c a r r i e d  o u t  w i t h  ( ' - ) s e c - b u t y l  
c a r b i n o l  o f  a h i g h  d e g r e e  o f  o p t i c a l  p u r i t y  and i t  was fo u n d  
t h a t  t h e  r o t a t o r y  p o w e rs  o f  t h e  (-P) v a l e r a l d e h y d e  ( o b t a i n e d  i n  
'a b o u t  50% y i e l d )  v a r i e d  c o n s i d e r a b l y  a l t h o u g h  t h e  e x p e r i m e n t a l  
c o n d i t i o n s  were a lm o s t  i d e n t i c a l  and  t h e  r o t a t o r y  p o w e rs  
of  t h e  t h r e e  sa m p le s  o f  ( - ) s e c - b u t y l  c a r b i n o l  v e r y  c l o s e .
These  r e s u l t s  a r e  compared w i t h  t h o s e  o b t a i n e d  by o t h e r  w o r k e r s  
i n  T a b le  V I I I  and"'-Graph I I .
B a d in  and P a c s u  ( 1 9 ) ,  h o w e v e r , o b s e r v e d  a ” l i n e a r  
r e l a t i o n s h i p  b e tw ee n  t h e  r o t a t o r y  power o f . t h e  ( - ) amyl a l c o h o l  
and t h a t  o f . t h e  (4-)v a l e r a l d e h y d e  o b t a i n e d  t h e r e f r o m  and f rom  
t h r e e  r e s u l t s  e x t r a p o l a t e d  t o  o b t a i n  a  v a l u e  f o r  t h e  s p e c i f i c  
r o t a t i o n  o f  o p t i c a l l y  p u r e  (4-)v a l e r a l d e h y d e  (Symbol, ®  i n
x S °
-Graph I I )  o f  (•*] +31* 2 ° .  They assumed t h a t  t h e  s p e c i f i c  
r o t a t i o n  o f  o p t i c a l l y  p u r e  ( - ) s e c - b u t y l  c a r b i n o l  was - 6 . 0 °  
w h e re a s  t h e  v a l u e  o f  -5•■9° a p p e a r s  t o  be  t h e  e s t a b l i s h e d  
f i g u r e  and  w ou ld  g i v e ,  f o r  t h e  p u r e  v a l e r a l d e h y d e ,  a s l i g h t l y
g a b le  V I I I .
T h e - .R o ta to ry  Pow ers  o f  (-4-)V a l e r a l d e h y d e  O b ta in e d  f rom  (-)Amyl
A l c o h o l  by O x i d a t i o n  w i t h  A c i d i c  P o t a s s i u m  b i c h r o m a t e .
■ ( - ) Amyl A 1 e o h o l . 
: DO® . l e m p .
(■+■) Y a l e r a l
M *  .
dehyde .  
1 emo.
R e f  . , .Symbol u s e d  
i n
G-ra/ob 11 .
-5 .8 1 ° 18 ° 4-26.37° . 19 °
t h i s .
t h e s i s .
! 5 .7 8 18- 31 .8 8 18
t h i  s 
t h e s i s . •
- 5 .7 4 20 2 9 .5 0 20 27 4-
! 5 .67 17 2 7 .9 8 20
t h i  s 
t h e s i s . . *
! 5 .4 7  ... 20 2 3 .5 6 onA -  V . / 28
? 5 .4 6 20 21 .9 1 20 26
" 5 .4 2 20 2 8 .5 0 ' . 25 19 ©
: 4 .6 4 20 . 23*29 23 27 4
: 3 - 55 ■ 20 . 17 -7 3 25 19 ®
j 5 . 5 1  ’ 22 8 .5 9 22 27 4*
■; 5 .3 3 20 5 .4 3 26 27 4*
; 3 . 3 0 21 1 2 .8 4 21' 27 4"
1 3 .2 4 20 1 5 .7 9 20 27 4
■; 2 .4 4 20 “1 2 .8 1 15 27 4
: 1 . 7 9 ' 2 0 8 . 7 2 25 19 0
S1 . 4 4 20 7 . 2 0 20 ' 29 in
; 1 . 2 2 22 5 .8 3 22 27 4
1 1 . 1 0  • .20 5 .2 1 20 ' 27 4
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l o w e r  v a l u e ,  ( y l  1 3 0 . 7 ° .  B o th  t h e s e  v a l u e s  w ould ,  h o w e v e r ,
3>
a p p e a r  t o  he i n c o r r e c t  s i n c e ,  i n  t h e  p r e s e n t  work, a  spec im en 
o f  -. (+) v a l e r a l d e h y d e  w i t h  a :r o t a t o r y  power o f  31.B8V : :
h a s  b e e n  o b t a i n e d  (S ee  T a b l e s  V I I I  & I X ) ,  w h ich  i s  t h e  h i g h e s t  
y e t  r e c o r d e d .  • ' "r
T a b le  IX.
The Obse r  v  ed Hot a t  o r y  Pow ers  o f  (-+■) Val e r  a l  d ehy d e
w ;
6438 1 4 0 . 5 0 °  , : 1 2 5 . 1 2 °  .
.5893... '51. 40 : . . .  a .3 1 .8 8  ... .....
5790 54 .4 5  : 33-78
5461 6 3 .9 2  : : 39 .65  
• -
5085 7 9 .1 2  : 4 9 .0 8  ■
. -4810 : 9 5 . 8 0  ’■ : 5 9 .4 3  * :
Two e x p e r i m e n t s  were  t h e n ,  c a r r i e d  o u t  w h i c h : showed'-
5 ■ -
t h e  r e a d i n e s s  w i t h  w hich  ( l ) v a l e r a l d e h y d e  u n d e r g o e s  r a c e m i s ­
a t i o n  i n  a c i d  s o l u t i o n . ’ These  r e s u l t s ,  o b t a i n e d  i n  dioxam 
s o l u t i o n ,  a r e  compared w i t h  t h o s e  p r e v i o u s l y  r e c o r d e d  by 
B a d in  and P a c s u  (19)  i n  T a b le  X and Graph I I I .
The mechanism s u g g e s t e d  by B ad in  and P a c s u  f o r  t h i s  
a c i d  c a t a l y s e d  r a c e m i s a t i o n  was a s  f o l l o w s ,  where  HA r e p r e s e n t s  
a m o le c u l e  o f  a c i d  and A i t s  c o n j u g a t e  b a s e : -
The R a ce m lsa .t io n  o f  (-{-)V a le r a ld e h y d e  by A c id  i n  R io x a n  S o l u t i o n .
(-W) V a l e r a l d e h y d e ,  c<3 .
n if
9 . to*
4- 41 • 4° (1 ,  2)
2 . 0
+41.4° ( 1 , 2 )
0 . 8
4-45.91* ( 1 , 2 ) 
0 .6 4 5
S t r e n g t h  o f  a c i d . 10W. HOI 51. HASOfr 0.143J. HC1
W eight  o f  a c i d ,  g. 0 .3 0 .25 1 3 .1
D io x a h ,  g. 5 .2 2 . 1 2 4 .1
T e m p e r a tu r e .  " . ro o 0 o 
'
CM
i 
-
|
©
25
( i > ° . 2 5 )  a t  ( j h r s . + 1 .3 3 °  ( 0 . 0 ) + 1 . 6 ° ( 0 . 0 ) + 0 .4 4 °  ( 0 . 0 5 )
: ; 0 .9 3  ( 0 . 0 5 ) 1 . 6  ( 1 . 5 ) 0 .4 3  ( 0 . 2 4 )
0 .2 6  ( 2 . 0 ) 1 . 0 8  (28) 0 .4 2  ( 1 . 4 7 )
0 .2 4  ( 1 9 . 0 ) 0 .7 9  (65) 0 . 3 8  ( 4 . 6 )
0 .1 9  (42) 0 . 6 8  (96) 0. 24 ( 2 2 . 6 ) 
0 . 1 2  ( 5 3 . 0 )  
0 .0 7  ( 9 5 . 5 )
R e f e r e n c e .  1 T h i s  t h e s i s . 'This t h e s i s (19)
Graph  I I  r e f e r e n c e . (1) (2 ) (3)
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(3-) A d d i t i o n  o f  a  p r o t o n  t o  t h e  c a r b o n y l  o x y g e n : - ,
R* R !
I /"-V I ©
H— -G---- 0 = 0  -+• HA t--— R C----- C------OH -+- A
l i ^  i i
H rl H II
.( 2) Removal of" a '  p r o t o n  f ro m  " carbon.-j a tom’, 2: -  
R 1 . R « ,
I © 1r, ^  I ©R— c — c — oh +  a -k. c — c — oh -k h a
■ I I n   I :
fi H H
• T h e y - c o n s id e r e d  t h a t  r a c e m i s a t i o n  p r o b a b l y ' o c c u r s  
i n  s t e p  : (2)  w h ich ,  i f  i t  i s  assumed t h a t  t h e  a d d i t i o n  o f  a 
p r o t o n  t o  t h e  c a r b o n y l  oxygen i s  r a p i d ,  i . e .  k, > , would
a l s o  be  t h e  r a t e  d e t e r m i n i n g  s t a g e . :
v’ T h i s  t y p e  o f  mechanism was f i r s t  p o s t u l a t e d  by 
l a p w o r t h  an d 'H a n n  (30)  i n  1902 i n  t h e  fo l lo w in g - 'fo rm :  - ........
T -r +  ’ -+•
+R  v ' ' ' ..
-0 H -0= 05 Z Z Z T  -C!i-C=OH^ZHZr - 0 = 0 - OHf i ■ ^  i i - ^  i <
T h i s ' h y p o t h e s i s  'which met  w i t h  g e n e r a l  a c c e p t a n c e  f o r  many ' 
y e a r s  was s l i g h t l y  m o d i f i e d  i n  more r e c e n t  t i m e s  by Watson, 
H a th an  and L a u r i e  ; ( 31) who s u g g e s t e d ' t h a t  c o - o r d i n a t i o n  o f  
t h e  a c i d  c a t a l y s t  a t  t h e  c a r b o n y l  oxygen l e a d s  t o  t h e  
a c t i v a t i o n  of  t h e  c a r b o n y l  g r o u p : -
\  w  + \  ©
X®----0 =  0 +  H  >  >OH---- C OH
V  1 ^  I
The e n e r g i s e d '  complex t h u s  fo rm ed  may t h e n  u n d e rg o  e i t h e r  o f  
two t r a n s f o r m a t i o n s ;  i t  may f a l l  a p a r t  r e - f o r m i n g - t h e  o r i g i n
V 9
r e a g e n t s  ( r e v e r s e  o f  t h e  chang es  r e p r e s e n t e d  above)  o r  i t  
may l o s e  an  <*- p r o t o n  t o  an  a c c e p t o r  i n  t h e  "medium t o  g i v e  
t h e  e n o l : -
■= H ■
© VNo— 0  OH ------------------>  > 0 = 0 -----OH +  H
i 7  i
On t h i s  v iew ,  t h e  v e l o c i t y  of. t h e  p r o . t o t r o p i c  change
\
w i l l ,  depend, upon, two-: . f a c t o r s  v i z . ,  t h e  r a t e  o f  r e a c t i o n  of  
a ld e h y d e  and c a t a l y s t  and t h e  p r o p o r t i o n  o f  the .  e n e r g i s e d  
complex  which  i s  t r a n s f o r m e d . / t o  e n o l .  T h i s  new mechanism, i s  
a t t r a c t i v e  i n  t h a t  i t .  b r i n g s  i n t o  l i n e  a  l a r g e  -number o f  
r e a c t i o n s . o f  t h e  c a r b o n y l - g r o u p .  .
• W atson (32)  s t a t e s  t h a t  i n .  some p r o t o t r o p i c  s y s t e m s  
..the rem o v a l  o f  one p r o t o n  and t h e  a d d i t i o n  o f  a n o t h e r  a p p e a r  
t o  be s i m u l t a n e o u s ;  t h e  a n i o n  d o e s  n o t  become f r e e ,  b u t  i t  i s  
n o t  a  c a se  o f  t h e  p r o t o n  m e r e ly  moving w i t h i n  ..the .m o le c u le  
f o r  i f  t h e  medium c o n t a i n s  d e u t e r i u m  o x id e  t h e r e - ' i s  an  
exchange  o f  h y d r o g e n  f o r .  i t s  i s o t o p e , ,  w hich  ' . i n d i c a t e s  t h a t  
one p r o t o n  i s ' r e m o v e d  w h i l e  a n o t h e r  i s  added. ,.  .. t h e r e  i s  no 
o b v i o u s  r e a s o n  why, u n d e r  c e r t a i n  c i r c u m s t a n c e s ,  a - p u r e l y
i n t r a m o l e c u l a r  change sh o u ld  n o t  o c c u r ,  b u t  t h e r e  i s  no
• 1
.e v id e n ce  t h a t  i t  e v e r  d o e s : -  • Ch
><f 1 ° .
. •- - , . . ■ ■ H ; .
f h e  mechanism ' o f  B a d in  and.-Pacsu  (19)  i s  e s s e n t i a l l y  
t h a t  p o s t u l a t e d  e a r l i e r  by W atson ,  .Nathan and L a u r i e  (31)  . 
and  a l s o  by Hammett (33)  b u t  d i f f e r s  i n  t h a t  t h e  e n o l  h a s
so
b e e n  w r i t t e n  i n  p o l a r i s e d  fo rm ,  and a p p e a r s  t o  g i v e  a .  
s a t i  s f a c t o r y  e x p l a n a t i o n  o f  e x p e r i m e n t a l  r e s a l t s . .
D u r in g  i t - s  p r e p a r a t i o n  by t h i s  p r o c e s s  (H -)v a le r ­
a ld e h y d e  must be i n  c o n t a c t  f o r  a. s h o r t  p e r i o d  w i t h  h o t  
s u l p h u r i c  a c i d  o f  a p p r o x i m a t e l y  4h. c o n c e n t r a t i o n  b u t  B a d in  
.and P a c s u  d i d  n o t  s u g g e s t  t h a t  r a c e m i s a t i o n , .  such  a 
mechanism, m ig h t  t a k e  p l a c e  du r ing ,  t h e  o x i d a t i o n  o f  ( - ) s e c -  
b u t y l  c a r b i n o l  t o  ( + ) v a l e r a l d e h y d e ;  b u t  t h a t  i t  d o e s . o c c u r  
would appear,  t o  be . the .  most  r e a s o n a b l e  e x p l a n a t i o n  o f  t h e  
r e s u l t s  r e c o r d e d  ab o v e .  C o n s e q u e n t ly  i t .  seems l i k e l y  t h a t  
ev en  t h e  sample  o f  ( i~ ) v a l e r a ld e h y d e  r a t h  t h e  h i g h e s t  r o t a t o r y
I
power y e t  r e c o r d e d  ( + •  31*38° ) i s  n o t  o p t i c a l l y ' p u r e  and 
i n d e e d  i t  i s  r e a s o n a b l e  t o  c o n c lu d e  t h a t  t h e  p r e p a r a t i o n  o f  
o p t i c a l l y  p u r e  ( + ) v a l e r a l d e h y d e - b y  o x i d a t i o n  o f  t h e  c a r b i n o l  
w i t h ’ ch rom ic  a c i d  i s  u n r e a l i s a b l e .
The e s t i m a t i o n  o f  t h e  o p t i c a l ' .  ' p u r i t y  o f  (*+■) 
v a l e r a l d e h y d e  by r e d u c t i o n  t o  ( - ) s e c - b u t y l  c a r b i n o l  i s  n o t  
f e a s i b l e  a s  t h e  f o l l o w i n g  c o n s i d e r a t i o n s  i n d i c a t e : -
( a )  I t  h a s  b e e n  shown above t h a t  a c i d  c o n d i t i o n s  l e a d  
t o  r a c e m i s a t i o n .  - - -
(b )  Rohan ( 27) h a s s s h o w n . t h a t  -( - h ) v a l e r a l d e h y d e  i s  
r e a d i l y  r a c e m i s e d  i n  a l k a l i n e . ,  m ad ia .
( c )  .Badin  and P a c s u  (34)  have  shown t h a t  b o t h  (4-) 
v a l e r a l d e h y d e  and ( - ) s e c - b u t y l ’ c a r b i n o l  i n  b o t h  t h e  l i q u i d  
a n d ' v a p o u r  p h a s e s >a r e  r e a d i l y  r a c e m i s e d  by Raney n i c k e l .
However, an a t t e m p t  was made t o  p r e p a r e  o p t i c a l l y
5/
p u r e  (4-)v a l e r a l d e h y d e  f rom  ( - )  s e c - b u t y l  c a r b i n o l  by t h e  
c a t a l y t i c  d e h y d r o g e n a t i o n  method o f  B o u v e a u l t  (35)  i n  which 
t h e  a l c o h o l  i s . p a s s e d  o v e r  c o p p e r  gauze  a t  200°;  b u t ,  
u n f o r t u n a t e l y ,  i t  was found  t h a t  b o t h  ( - ) s e c - b u t y l  c a r b i n o l  
and  (4-)v a l e r a l d e h y d e  -are  r e a d i l y  r a c e m i s e d  u n d e r  t h e s e  c o n d i t i o n s  
hyj The a l t e r n a t i v e  method • o f  a t t e m p t i n g  t o  d e t e r m i n e
t h e  d e g r e e  o f  ' o p t i c a l  p u r i t y  o f  .(-+-)v a l e r a l d e h y d e  Toy o x i d i s i n g  
t h e  a ld e h y d e  t o  t h e  c o r r e s p o n d i n g  v a l e r i c  a c i d ,  t h e  r o t a t o r y  
power o f  w h ich  i s  known by i t s  d i r e c t  r e s o l u t i o n ,  a l s o  
p r o v e d  f r u i t l e s s  a s  t h e  f o l l o w i n g  r e s u l t s  show.
(b)  O x i d a t i o n  o f~-(4-)V ale ra ldehyde  t o  V a l e r i c -  A c i d .
(4-)V a l e r a l d e h y d e  was o x i d i s e d  w i t h  ( a h  a c i d i c  
p o t a s s i u m  p e rm a n g a n a te  and (b)  a c i d i c  p o t a s s i u m  b i c h r o m a t e  
and i t  was fo u n d  t h a t  t h e r e  was no p r o p o r t i o n a l i t y  b e tw e e n  
t h e  r o t a t o r y  p o w ers  o f  t h e  (4-) v a l e r a l d e h y d e  and t h e  r e s u l t a n t  
(4-)v a l e r i c  a c i d ,  a s  w i l l  be seen  f rom  T ab le  X I .  .
The (4-)v a l e r a l d e h y d e  w i t h  t h e .  h i g h e r  r o t a t o r y  power 
was f o u n d  t o  g i v e  t h e  ' (4-)v a l e r i c  a c i d  w i t h  t h e  l o w e r  r o t a t o r y  
cow er  w h ich  i n d i c a t e s  t h a t  r a c e m i s a t i o n  was t a k i n g  p l a c e  d u r i n g  
t h e  o x i d a t i o n .  T h i s  was,  p e rh a p s , ,  t o  be e x p e c t e d  i n  v i e w  of  
t h e  r e s u l t s  d e s c r i b e d  i n  s e c t i o n  ( a ) .  The p o s s i b i l i t y  o f  
d e t e r m i n i n g  t h e  o p t i c a l  p u r i t y  of  a sp e c im en  o f  ( 4 - ) v a l e r -  ' 
a ld e h y d e  by t h i s  means i s  t h u s  r u l e d  o u t .
The o x i d a t i o n  o f  ( - )  s e c - b u t y l  c a r b i n o l  t o  (4-)v a l e r i c  
a c i d  i n  one o p e r a t i o n  was t h e n  s t u d i e d .
T a b le  X I .
- :^ie R o t a t o r y  Pow ers  o f  (4-)V a l e r i c  A c id  O b ta in e d  f rom  
(4-)V a l e r a l d e h y d e  by O x i d a t i o n ,
( + ) V a l e r a l d e h y d e . : (4-)V a l e r i c  A c id .  : O x i d i s i n g  : Y i e l d .
•  »  *  '
[rd-n • Temp. ' : (ZH . t  . O p t i c a l :  a g e n t .  :j /  -  w
 _ : _______________ p u r i t y . :  ____  : __
« •  •
+ 3 1 .8 8 °  1 8 “ i -vl4 .54°  (16*) 77.2;® : ( a ) .  KKn<\ : 50?b
4-27.98° ; 2 0 ° : 4 1 5 . 3 l  (19°) 82.4% : ( b ) .  K^Cr^O; 60h
( c )  O x i d a t i o n  o f  ( - )  s e c - B n t y l  C a r b i n o l  t o  (4 - ) V a le r i c  A c i d .
I t  was fo u n d  t h a t  o x i d a t i o n  o f  ( - ) s e c - b u t y l  c a r b i n o l ,  
o f  98'. 3% o p t i c a l  p u r i t y ,  by a c i d i c  p o t a s s i u m  d ic h ro rn a te  ; 
y i e l d e d  (4-)v a l e r i c  a c i d  w i t h  -+8LQ-50 w h ich  r e p r e s e n t s  
99.6^o o f  t h e  v a l u e  r e c o r d e d  by M a r c t e a l d  (36)  f o r  o p t i c a l l y  
p u r e  .(4-)v a l e r i c  a c i d .  T h i s  shows t h a t  i f  ( + ) v a l e r a l d e h y d e  
i s  :f ormed i n t e r m e d i a t e l y  d u r i n g  t h e  r e a c t i o n ,  a s  m ig h t  be . 
e x p e c t e d ,  t h e n  i t s  l i f e  i s  so s h o r t  t h a t  i t  d o es  n o t  u n d e rg o  
d e t e c t a b l e  r a c e m i s a t i o n .
T h i s  r e s u l t  h a s  t h e  a d d i t i o n a l  a d v a n t a g e  t h a t  i t  • 
s e r v e s  t o  -confirm t h e  o p t i c a l  p u r i t y  o f  t h e  ( - )  s e c - b u t y l  
c a r b i n o l ,  s i n c e  t h e  r o t a t o r y  power o f  o p t i c a l l y  p u r e  (4-) 
v a l e r i c  a c i d . i s . w e l l  e s t a b l i s h e d  by r e s o l u t i o n  (Marckwald 
( 3 7 ) )  and by i s o l a t i o n  f rom  n a t u r a l  p r o d u c t s  (Power and 
R o g e r s o n  ( 3 8 ) ) .  T here  can  be l i t t l e  d o u b t !  t h e r e f o r e ,  t h a t
t 11 o
s e c - b u t y l  c a r b i n o l  o f  jo^ .J — 5• B i s  o p t i c a l l y  p u r e .  '
$3
I t  w i l l  "be. s e e n  from. I  a b l e  X I I  and Graph TV,
=where  t h e  r e s u l t s  a r e  compared w i t h  t h o s e  o f  o t h e r  w o r k e r s ,  
- t h a t • - t h e r e  i s  c l o s e r  a g re em e n t  b e tw e e n  t h e  r o t a t o r y  p o w e rs  
o f  ■ t h e  ( - )  amyl a l  c o h o l  and. ' t h e . r e  s u i t  i n g  (+) V a l e r i c  a c i d  
t h a n  was t h e  c a se  w i t h  ( - ) a rn y l  a l c o h o l  and ( + ) v a l e r a l d e h y d e , 
The v a r i a t i o n  i n  t h e  r e s u l t s  shown can  most  p r o b a b l y  be 
e x p l a i n e d  by s e l e c t i v e  o x i d a t i o n  o f  t h e  i s o - b u t y l  c a r b i n o l  
o r  by t h e  o c c u r r e n c e  of. r a c e m i s a t i o n  d u r i n g  o x i d a t i o n  due 
t o  l o n g e r  r e a c t i o n  t i m e s ;  t h i s  may a p p l y ,  i n  p a r t i c u l a r ,  t o  
t h e  two e x p e r i m e n t s  by P e d l e r  (39) and R o g e r s  ( 4 0 ) .
Table-  X I I .
■The R o t a t o r y - P o w e r s  o f  ( 4 - ) V a l e r i c  A c id  O b ta in e d  f rom  ( - )Amyl 
J - A lc o h o l  .-by O x i d a t i o n .
( -)Amyl
: M * .
A 1coho l .
Temp.
: ( + ) V a l e r i e  
: . ' r-
A c id .  
]emo.
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STUDY OF THE PREPAHA'TIPIT• ABD• REACTIONS OP (+) sec-BUTYL
IY3THYL BROMIDE.
I n t r o d u  c t i o n .
T h i s  work was u n d e r t a k e n  w i t h  t h e  o b j e c t  o f  d e t e r ­
m in in g  t h e  d e g r e e  o f  o p t i c a l  p u r i t y  o f  (4--) s e c - b u t y l m e t h y l  
b r o m i d e . a n d . a c e t a t e , when p r e p a r e d  f rom  ( - ) s e c - b u t y l  c a r b i n o l ,  
by a t t e m p t i n g  t o  p r e p a r e  t h e  a c e t a t e  i n  two waya? a s  f o l l o w s : -
( - )  s e c - b u t y l  c a r b i n o l ^ - —- — y  (+) s e c - b u t y l m e t h y l  a c e t a t e
— A
2 a X .  2 b
(4*) s e c - b u t y  Irn.e t h y  1 brornide
I f  t h e  r o t a t o r y  po w e rs  o f  t h e  two sam p le s  o f
(4-) s e c - b n t y l m s t h y l  a c e t a t e  a r e  i d e n t i c a l  t h e n  i t  can  be
assumed t h a t  t h e  t h r e e  r e a c t i o n s  p r o c e e d - w i t h o u t  r a c e m i s a t i o n .
T h u s , knowing t h e  . o p t i c a l . p u r i t y  : o f  t h e  . ( - )  s e c - b u t y l  c a r b i n o l ,
t h e  p u r i t y ,  o f  e a c h  o f  t h e  two d e r i v a t i v e s  can  be d e t e r m i n e d .
P r e p a r a t i o n  o f  (•+) se c -  Butylrne t h y  1 A ce t  a t  e .
( 4 ) s e c - B u t y l  c a r b i n o l  (oC3 - 4 . 7 8  ) was h e a t e d  w i t h  
a c e t i c  a n h y d r i d e  and  t h e  a c e t a t e ,  i s o l a t e d  i n  t h e  u s u a l  way,
o 0 .
had  b . p .  1 3 9 .5 -1 4 0 °  , d 0 .8 7 9 2 ,  t]*1 1 . 4 0 2 . -  H a rden  and S e k o r s k y  
(42)  g i v e  b . p .  1 4 1 - 1 4 2 ° ,  c£* 0 .8 8 0 3 ,  p “ l . 4 0 1 2 ,  W f  +3 -3 0°  •
I t s  r o t a t o r y  po w ers  a r e  g i v e n  i n  T a b le  X I I I  and a r e  t h e
h i g h e s t  v e t  r e c o r d e d .
1 ' %
■ ' ■ _ t-w  f-r!'. ■
tie
g a b le  X I I I . ;
The R o t a t o r y  Pow ers  o f  (4~) s e c - B u t y l m e t h y l  A c e t a t e *
A • '6 4 3 8  5893 5790 5461' 5085
H v  +2.91° + 3 - 52° + 3 .6 5 °  + 4 .18°  +5-49°
P r e p a r a t i o n  o f  (4-) s e c - Bir’cy 1met h y I  B ro m id e .
T h i s  was p r e p a r e d  f rom  ( - ) s e c - b u t y l  c a r b i n o l
1%° o( oCp - 4 , 7 8  ) and p h o s p h o r u s  f ; r ib ro m id e  by t h e  method  u s e d  by 
B ra u n s  (13)  • The b rom ide  o b t a i n e d  i n  66% y i e l d  h a d  b . p .
6 5 -6 7 ° /14 0m m ., 1 .2 2 4 ,  H j  + 3 .9 5 °  .
T h e -A t tem p ted  P r e p a r a t i o n  o f  (4-) s e c - B u t y l m e t h y l  A c e t a t e  f rom
(+■) s e c -B u t ,y lm e th y l  B ro m id e .
(4-) s e c -B u ty lm e th y l  b ro m id e  was h e a t e d  w ith /  a n h y d ro u s  
p o ta s s iu m . /  a c e t a t e  i n  a c e t i c  a c i d  f o r  . f i v e  h o u r s  • and  d u r i n g  
t h i s  t im e  a s t r o n g  s m e l l  o f  arnylene was o b s e r v e d  a t  t h e  t o p  
of  t h e  c o n d e n s e r .  Only (-h) s e c - b n t y l r n e t h y l  b rom id e  w i t h  
u nc h an g e d  r o t a t o r y  power was i s o l a t e d  f ro m  t h e  r e a c t i o n  m ix tu re ,  
and i t  was t h u s  assumed t h a t  t h e - b r o m i d e  d o es  n o t  r e a c t  w i t h  
p o tas s iu m ,  a c e t a t e  u n d e r  t h e s e  c o n d i t i o n s " b u t  decomposes  t o  
a rny lene .
The p o s s i b i l i t y  o f  u s i n g  t h e  more r e a c t i v e  s i l v e r  . 
a c e t a t e  was r u l e d  o u t  i n  v i e w  o f  t h e  r e s u l t s - o f  Marckwald and 
h o l d  a  (43)  who f o u n d  t h a t  (4-) amyl b ro m id e ,  f rom  ( - ) a m y l  a l c o h o l
4358' 
4 6 . 9 9
HI
0 ^
w i t h  - 4 . 5 8 ° ,  on r e a c t i o n  w i t h  s i l v e r  a c e t a t e  a t  150
gave (4*)amyl a c e t a t e  w h ich ,  on h y d r o l y s i s  by  22% sodium 
h y d r o x i d e - . s o l u t i o n  f o r  22 h o u r s ,  y i e l d e d  ( - )  a'yyl a l c o h o l
oiO -Qw i t h  cCjj - 2 . 1 b  . They showed t h a t  r a c e m i s a t i o n  dud n o t  o c c u r  
d u r i n g ' h y d r o l y s i s  o f  t h e  a c e t a t e  s ince ,  (-*•)amyl a c e t a t e /  
p r e p a r e d  d i r e c t l y  f rom ( - ) a m y l  a l c o h o l  and a c e t i c  a c i d ,  r e g e n ­
e r a t e d ,  by h y d r o l y s i s  u n d e r  t h e  same c o n d i t i o n s ,  ( - ) amyl 
a l c o h o l  o f  u n c h an g e d  r o t a t o r y  power .
it/,: ': T h i s  l i n e  o f  i n v e s t i g a t i o n  had  p e r f o r c e  t o  be 
ab an d on ed .  > ' * •
SB
SHMjARY 0? SOI&B-REACTIONS OF ( - ) sec-BUTYL CARBIE'OL ARP ITS
PER I  VAT TV'S S .
. . .  I t  w i l l  be s e e n  f rom  T ab le  XIV t h a t : - '
( l )  The p r e p a r a t i o n  and r e a c t i o n s  o f  (-h) v a l e r a l d e h y d e , 
i n  t h e  p r e s e n c e  o f  a c i d  o r  b a s e ,  l e a d  t o  racem ised .  p r o d u c t s .  
( + ) V a l e r a l d e h y d e  can  undergo ,  k e t o - e n o l .  t a u t o m e r i s m  i n  e i t h e r  
o f  t h e  f o l l o w i n g  w a y s : -
. H  ■ . ■ K
I / “v | ©
a)   c = 0  +  H+4= ± p C — - 0 — OH ; = ± p C = = C  OH -v H*
I \ I
H H ' OH 0  
-L
c 
!
and s i n c e  i n  b o t h  t h e s e  mechanisms t h e  asymmetry o f  t h e  /J-
I — ■ I I © v 1 ■—  ■ >
)  0 = 0  + 0 H  ^ ) C ---- C-----0 = = ^ ) c -----C— 0 -+H.0H
c a r b o n  atom i s  d i s t u r b e d  :i t  i s  c o n s i d e r e d  t h a t  t h e s e  g iv e  a 
s a t i s f a c t o r y  e x p l a n a t i o n  f o r  t h e  r a c e m i s a t i o n  o f  (4- )v a l e r a l d e h y d e  
i n  t h e  p r e s e n c e  o f  a c i d  and b a s e  r e s p e c t i v e l y .  The r a c e m i s ­
a t i o n  of  ( - ) s e c -b u ty l ' :  c a r b i n o l  and ( 4 ~ )v a l e r a l d e h y d e  . in .  t h e  
p r e s e n c e  o f  m e t a l  c a t a l y s t s  c o n t a i n i n g  hyd.rogen, h a s  a l s o  b e e n  
p l a u s i b l y  e x p l a i n e d  i n  a s i m i l a r  manner  by B a d in  a n d . P a c s u  ( 3 4 ) ;  
t h e y  d e p i c t e d  t h e  c a t a l y s t  a s  NiH+ , f o r  exam ple ,  t o  i l l u s t r a t e  
i t s  p r o t o n  f u n c t i o n .  T11 t h e  f o r m a t i o n  o f  ( 4 - ) v a l e r a ld o x im e ,  
which  Rohan (27)  fo u n d  t o o k  p l a c e  w i t h o u t  r a c e m i s a t i o n ,  i t  i s  
assumed t h a t  r a c e m i s a t i o n  i s  a b s e n t  owing t o  t h e  r e a c t i o n  
m i x t u r e  b e i n g  a lm o s t  n e u t r a l .  • ,
: (2 )  The o x i d a t i o n  o f  ( - ) s e c - b u t y l  c a r b i n o l  d i r e c t  t o
( 4 - ) m e t h y l - e t h y l  a c e t i c  a c i d  p r o c e e d s  w i t h o u t  r a c e m i s a t i o n ;  t h u s
s<?
i f  (-h) v a l e r a l d e h y d e  i s  fo rm ed  i n t e r m e d i a t e l y  i t s  l i f e  must 
be v e r y  s h o r t .
(3 )  The r e d u c t i o n  o f  ( + ) v a l e r a l d o x i m e  t o  ( - ) s e c - b u t y l  
m e th y lam ine  l e a d s  t o  p a r t i a l  r a c e m i s a t i o n  and  can  be s a t i s ­
f a c t o r i l y  e x p l a i n e d  a s  f o l l o w s .  T h ere  i s  s t r o n g  e v id e n c e  (27) 
t h a t  t h e  im ine  i s  i n t e r m e d i a t e l y  fo rm ed  and t h i s  can u n d e rg o
a p r o t o t r o p i c  change s i m i l a r  t o  t h a t  o f  (-+-)v a l e r a l d e h y d e :  - 
H
) C  C H = H H  ^ = = = ^  ')G =  CH BH,
(4)-  The r e a c t i o n  b e tw ee n  ( - ) s e c - b u t y l  m e th y lam in e  and
n i t r o u s  a c i d  y i e l d s  arnylene,  y -am y l  a l c o h o l  and d l - s e c - b u t y l
c a r b i n o l .  To a c c o u n t  f o r  t h i s  Rohan (27)  p o s t u l a t e d  t h e
e x i s t e n c e  o f  t h e  s e c - b u t y l m e t h y l  c a t i o n  i n  two t a u t o m e r i c  fo rm s :
CH, CHa
1 © )
C J l c .O  Oil - .  C,H C CH,
\ J  | a 3
> ' i i
which  ( a )  on l o s i n g  a p r o t o n  g i v e s  arnylene,  (b )  by a t t a c h m e n t  
o f  0H~ a t  t h e  oc-carbon atom g iv e s .  d l - _ s e c - b u t y l  c a r b i n o l  and
( c )  by  a t t a c h m e n t  o f  OH a t  t h e  p - c a r b o n  g i v e s  y-amyl a l c o h o l .
(5 )  H a l i d e s  and e s t e r s  can  g e n e r a l l y  be p r e p a r e d  and 
u n d e rg o  r e a c t i o n  w i t h o u t  r a c e m i s a t i o n ,  however,,  t h e  r e a c t i o n s  
b e tw e e n  (+) s e c - b u t y l m e t h y l  'b romide  and p o t a s s i u m  and s i l v e r  
a c e t a t e s  a r e  e x c e p t i o n s .  The f o r m e r  y i e l d s  .arnylene and t h e  
l a t t e r  p a r t i a l l y  r a c e m i s e d . a c e t a t e .  T h i s  c an  p r o b a b l y  be 
e x p l a i n e d  by t h e  t r a n s i e n t  l i b e r a t i o n ,  d u r i n g  t h e  r e a c t i o n ,  o f  
t h e  s e c - b u t y l m e t h y l  c a t i o n .
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Compound. R e a g e n t . ■ P r o d u c t s .  :
(  - )ECEj. OH ' Cu a t  200° . (-4-) ECHO
t? K *  Or*. CE (+)RCHO
n KMnCE (-f')RCOOH
n HE '(•ORCHaF
t? HI J-t)RCEa I
f t HBr o r  P.Sr3 (4)RCHaBr
i f EC1 ocpVSOG^edE {+YRGBx Cl ,
f t
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t t
'(CH-a OO^ 0
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0 >... ...  ._........ . . ........... ......
(+- )RCHx OOC. CH»
0 OiV;" i:d'■ R 0 -0 -
(4)RCHa 000. GlEs
(+ )ROlE OOC-ff 
, d' - ''HOOO-U
(+)RCHO D i l .  a c i d  o r  alio. dl-RCHO
i t K* Cr* 0 7 o r  KMn(\ (4)ECQ0H .
f f MIa OH.HGl (4)RCH=H0H
(+)SCH=iJOH Ha & EtOH o r  Ha & 
Raney Mi I n  MeOH.
-
( -  )ROHj EH* HMOa Me.3t.G=CHj 
(Fe)a .S t .C .O H  & R Mi. ■
(+)RCH1 1 A le .  lffi3 ( -  )RCEi ICu
•?
(+)RO H 1 B r K o p h t h a l i m i  d e . ( - )R C H * B H a '
Tt K00C,CH3 Me . S t . C=CEj
.
i f AgOOC.CHj (+)-RCEj 00C.CH3
(+)3CHl OOC.CH3 n i l .  If a  OH. (-)ROH
(+ )RCH* OOO-fl 
HOOO-U
D i l .  MaOH . (-)ROH
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: P a r t i  a l .r a c 5 m.
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K e t o - e n o l  t a u t o m e r i s m . : (34)
! t f  - n
•
i f  tt . ■ (This t h e s i s  p . 1 2
: R e t e n t i o n . - P h i  s t h e s i s  p .  % 2
n
v tt (13)
(13)  
and  (14)
tt (13) -and (14)
n (13) and (14)
I 55 a \ P h i s t h e s i s  p . 85
t t (14)  .
?! P h i s t h e s i s  p . 5 8
: Complete  r a c ’m. 
: P a r t i a l  r a c ’m.
K et  o -  e n o l  t a u t .o m e r i  sm.
t t  t!
P h i s
■This
t h e s i s  p .  75", 
P
t h e s i s  p . 8 (
: R e t e n t i o n . (27) p .  n o
: P a r t i a l  r a c ’m. P r o t o t r o p i c  change o f  
i n t e r m e d i a t e  i m i n e .
(27) p .  106
: Complete r a c ’m. 5c 
: i s o m e r i s a t i o n .
F o r m a t i o n  & r e a r r a n g e ­
ment -of a l k y l  c a t i o n .
■ (27) p .  117
: R e t e n t i o n . (27) p . 113
• ' C (27) p .  115
: R e t e n t i o n  i n  r e -  
: c o v e r e d  b ro m id e .  
: P a r t i a l -  r a c ’m. F o r m a t i o n  1  r e a r r a n g e -
■Thi s t h e s i s  p , 3 6  
(43)  ■
: R e t e n t i o n . (43)
: R e t e n t i o n . T h i  s t h e s i s  p . 5 1
( a )  To p h t h a l i c  a n h y d r i d e  ( 1 4 8 g . )  d i s s o l v e d  i n  p y r i d i n e  
( 7 9 g - ) was added  ( - ) a m y l  a l c o h o l  ( 8 8 g . ; - 2 .7 5 ° )  and t h e  
whole  h e a t e d  a t  90° d u r i n g  10 h o u r s .  A f t e r  t h e  p r o d u c t  had  
b e e n  d i l u t e d  w i t h  a c e to n e  ( 2 0 0 c . c . ) and p o u r e d  i n t o  an  e x c e s s  
o f  d i l u t e  h y d r o  c h i  o r  i  o x a c i d , t h e  p r e c i p i t a t e d ,  o i l  was e x t r a c t e d  
w i t h  e t h e r .  The e t h e r e a l  s o l u t i o n  was washed w i t h .w a t e r , d r i e d  
o v e r  sodium s u l p h a t e  and e v a p o r a t e d ;  and  a f t e r  t h e  r e s i d u a l  
o i l  had  b e en  ad d ed  t o  an  e x c e s s  o f  sodium c a r b o n a t e  s o l u t i o n  
t h e  m i x t u r e  was e x t r a c t e d  w i t h  e t h e r  and  th e  a q ueo u s  p o r t i o n  
n e u t r a l i s e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .  T h e . l i b e r a t e d  o i l  
was e x t r a c t e d  w i t h  c h l o r o f o r m  and t h e  e x t r a c t  washed w i t h  
w a t e r , d r i e d  o v e r  sodium su lph a te . ' . and  e v a p o r a t e d .  The r e s i d u a l  
(49 amyl - h y d r o g e n  p h t h a l a t e  was an o i l  w hich  c o u ld  n o t  be 
i n d u c e d  t o  c r y s t a l l i s e  o v e r  a  p e r i o d  of  two y e a r s .
(b )  P h t h a l i c  a n h y d r i d e  (148g . ) and ( - ) amyl a l c o h o l
X 0* Q ' ' '( 8 8 g . ; oCj - 2 . 7 5 ° 9  were h e a t e d  a t  110 -120°  d u r i n g  10 h o u r s .
The p r o d u c t . was p o u r e d  in to ,  an  e x c e s s  o f  sodium c a r b o n a t e  
s o l u t i o n  and, ,  a f t e r  t r e a t i n g  a s  i n  ( a ) ,  y i e l d e d  ( + ) amyl, h y d ro g e  
p h t h a l a t e  a s  a n 'u n c r y s t a l i i s a b l e  o i l .  I t s  e q u i v a l e n t  w e i g h t ,  
d e t e r m i n e d  h j  t i t r a t i o n  a g a i n s t  s t a n d a r d  a l k a l i ,  was 237?
C13H16, 0* r e q u i r e s  E .A. 236.
A s i m i l a r  r e s u l t  was o b t a i n e d  f rom  ( - ) a m y l  a l c o h o l  
w i t h  - 3 * 7 ° .
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P r e p a r a t i o n  of- 3 - l i t r o p h t h a l i c  A c i d .
A m i x t u r e  o f  p h t h a l i c  a c i d  ( 3 0 0 g . ) ,  c o n c e n t r a t e d
s u l p h u r i c  a c i d  ( 450g. ) and ,fu:ning n i t r i c  a c i d  ( 4 5 0 g . ) was
h e a t e d  on t h e  s team  h a t h  d u r i n g  two h o u r s  - g r e a t  c a r e  h a d  t o
he ,e x e r c i s e d  a f t e r  h e a t i n g  h a d  commenced o r . t h e  r e a c t i o n  became
u n c o n t r o l l a b l e .  A f t e r  c o o l i n g  t o  50° t h e  m i x t u r e  was p o u r e d
s l o w l y  w i t h  s t i r r i n g  i n t o  w a t e r  ( 7 2 0 c . c . ) and l e f t  t o  s t a n d .
d u r i n g  36 h o u r s .  .. The p r e c i p i t a t e  was f i l t e r e d  o f f  and  when .
r e . c r y s t a l l i s e d  f o u r  t i m e s  f rom  w a t e r  y i e l d e d  3 - n i t r o p h t h a l i c
. 0
a c r a  w ixh  m .p .  2 0 b - 2 1 1 • ,  w i t h  d e c o m p o s i t i o n ,  i n  23-254 y i e l d ;  
i t s  e q u i v a l e n t  w e i g h t y  d e t e r m i n e d  by t i t r a t i o n  a g a i n s t  s t a n d a r d  
a l k a l i , was 209*5, Cf Hy0*1 r e q u i r e s  E.W. 211.  C ulhane  and 
Woodward. (44)  r e p o r t  y i e l d s  by t h i s  p r o c e d u r e  o f  28-314 and 
g i v e  m .p .  2 05-210* .
P r e p a r a t i o n  o f  5 - P i t r o p h t h a l i c  A n h y d r i d e . .
A m i x t u r e  o f  3 - n i t r o p h t h a l i c  a c i d  ( 8 8 g . )  and  a c e t i c  
a n h y d r i d e  ( 7 0 g . ) was h e a t e d  u n d e r  r e f l u x  d u r i n g  5 m i n u t e s  and 
t h e n  l e f t  t o  c o o l .  3“' I i i r o p h t h a l i c  a n h y d r i d e  was f i l t e r e d  o f f  
and when d r i e d  a t  100° h a d  m .p .  164-165° • Y i e l d  934* I t s  
e q u i v a l e n t  w e ig h t  was 191,  0 SH3 Ojltf r e q u i r e s  E.W. 193* 
h i c o l e t  and B ender  (45) r e p o r t  y i e l d s ,  by  t h i s  p r o c e d u r e ,  o f
P r e p a r a t i o n  o f  («+) 2 -  Amyl- 1 -H ydrog en -  3 - I T i t r o p h t h a l a t e .
To. 3 - n i t r o p h t h a l i c  a n h y d r i d e  (95* 5 g * ) d i s s o l v e d  i n  
p y r i d i n e  ( 40g.  ) was added ( - )  amyl a l c o h o l  ( 4 4 g . ; -4 *7 4  )
and t h e  whole h e a t e d  a t  60° d u r i n g  5 h o u r s  w i t h  o c c a s i o n a l  
s t i r r i n g .  'The p r o d u c t  was d i s s o l v e d  i n  a c e t o n e  ( 1 5 0 c . c . ) 
and  s lo w ly  added  t o  c h i l l e d  h y d r o c h l o r i c  a c i d  ( 400c.-'c. o f  2 . 5 1 . )  
Crude (+ ) amyl h y d ro  g e n - 3 - n i t r o p h t h a l m t  e was f i l t e r e d  o f f ,  
washed w i t h  w a t e r  and - a f t e r  d r y i n g . on a p o r o u s  p l a t e  was 
r e c r y s t a l l i s e d  f rom  b en zen e  ( 4 0 0 c . c . ) a s  f o l l o w s :  C r e p r e s e n t s
c r y s t a l s  and  1 f i l t r a t e s ;  . A l l  r o t a t o r y  pow ers  a r e  f o r  1 , 2  
and c , 10 i n  ace tone ,  s o l u t i o n .
Crude e s t e r  
0 1 .  -JS1
C4.1b
Cb *19 .. C12.P6
CIO . . 0 3 .1 1 0  .
c n * ^  11
18
Crude e s t  e r . 119g . ;  5 + 0 .6 2 °  .
lb'5C l.
0 2 .
03.
04.
0 5 .
u o .
07 .
4 7 . 7 g . ;  m .p .  155 -158  ; + 0 . 4 9
1 6 . 7 g . :  m .p .  153-156° ; 4 - 0 .  50‘
M
33 4 . 7 g . ;  m .p .  156-157° ;  o U + o . 5 2 ‘fc> • 1
14* 0g.
.1.3.0g.  i  m .p .  .155-157 .; o(^ + 0 . 6 1 ° .  a
1 0 . 5 g * ; ni.p. 1 5 5 -1 5 8 ° ;  <*£ + 0 . 6 1 ° .
27*5 g « ; m .p .  156-s5-3-57.5°;  c * ^ + 0 . 5 2 k ; jY 2 . 6 ‘
9S
0 8 . 1 1 . 7 g . ;  m .p .  1 5 2 -1 5 5 ° .
.0 9 . 1 3 - l g - ;  m .p .  1 5 6 . 5 - 1 5 7 . 5 ° ;  +0.52° .
. . CIO. ., 7 • 5 g * ; m.p . 156-160°  ; ,+0 .49  . •
. C l l .  , 7 .  5 g . ; m .p .  157-160*’ ; c X ^ '+ 0 .43° .
, 012 .  20. Og. ;
Marcfcwald (7 )  g i v e s  m.t>. 154-155°  and [°4~P°+2.6° ■.
■ -  - •- -'j>
i n  a c e to n e  s o l u t i o n .
w , A s o l u t i o n  o f  c r y s t a l s  .07 and 09 i n - ' sodium h y d r o x i d e
s o l u t i o n  ( 4 5 0 c . c .  o f  I f . ) was d i s t i l l e d  u n t i l  no more amyl 
a l c o h o l  came over;  ( c a .  30 m i n s . ) .  fi h e  d i s t i l l a t e  was- s h a k e n  
w i t h  , e t h e r .  ( 1 0 0 c .  c..) and t h e  e t h e r e a l  s o l u t i o n  d r i e d  o v e r  , 
sodium s u l p h a t e  and  d i s t i l l e d ,  t h e r e  was o b t a i n e d  amyl a l c o h o l  
( S . 6 g . ) w i t h  b . p .  127-129®. 4125, <**-4.69* hen ce
-5 * 7 3 ° •  I t s  i n f r a - r e d  a b s o r p t i o n  s p e c t r u m  i s  shown a t  t h e  
end o f  t h e  e x p e r i m e n t a l  s e c t i o n .
? - : A s o l u t i o n  of c r y s t a l s  CIO and  C l l  i n  sodium h y d r o x i d e
s o l u t i o n  ( 1 8 0 c . c .  o f  0 . 9 U . ) was l e f t  t o  s t a n d  d u r i n g  24 h o u r s ,  
and  t h e n  e x t r a c t e d  w i t h  e t h e r  ( 1 0 0 c . c . ) .  D i s t i l l a t i o n  o f  t h e  
e t h e r e a l  s o l u t i o n  y i e l d e d  no amyl a l c o h o l  so t h e  a l k a l i n e  
s o l u t i o n . w a s  h e a t e d  i n  t h e  same m a n n e r . a s  b e f o r e  and y i e l d e d  
amyl a l c o h o l  ( 2 . 8 g . )  w i t h  b . p .  1 2 7 - 1 2 9 ° ,  ° h ° - 4 . 6 8 ° .
H y d r o l y s i s  o f  ( + ) Amyl H y d r o g e n - 5 - k i t r o p h t h a l a t e . .
A f t e r  a  m i x t u r e  o f  3 - n i t r o p h t h a l i c  a n h y d r i d e  ( 4 0 g . )  
end ( - ) a m y l  a l c o h o l  ( 2 0 g . ;  o^*-1.17° ( 1 , 0 . 2 5 ) ;  r f * l . * 0 8 )  h a d
b e e n  h e a t e d . o n  a  s team  b a t h  d u r i n g  one h o u r , - w a t e r  ( I S O c . c . )
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was ■ added  and - . the .m i x t u r e  .hea ted ,  t o  . b o i l i n g  and c o o le d .
(■+)Amyl h y d r o g e n - 3 - n i t r o p h t h a l a t e  was f i l t e r e d  o f f  and  when
j 10 q ....
d r i e d  had  m .p .  1 4 5 -1 5 0 ° ,  oC^-vo.35 l l > l ;  c , 1 0  i n  a c e t o n e  
s o l u t i o n ) . •  Y i e l d  53«6g.  I t s  e q u i v a l e n t  w e ig h t  was 2 8 0 .5 ,
C|a H|5 O^ IT r e q u i r e s  E.W. 2'81.
(a )  A s o l u t i o n  o f  ( + ) amyl h y d r o g e n - 3 - n i t r o p h t h a l a t e  ( l O g . )  
i n  Im. sodium c a r b o n a t e  s o l u t i o n  ( 95c* c .  ) was h e a t e d  u n d e r  
r e f l u x  d u r i n g ' 24 h o u r s  and t h e n  d i s t i l l e d  u n t i l  no more amyl 
a l c o h o l  name o ve r  ( c a .  20 m i n s . ) .  The d i s t i l l a t e  was ' s h a k e n  
w i t h  e t h e r  ( 5 0 c . c . )  and t h e  e t h e r e a l  s o l u t i o n  d r i e d  ov e r  
p o t a s s i u m  c a r b o n a t e  and  d i s t i l l e d .  'There was. o b t a i n e d  ( - )  amyl 
a l c o h o l  ( 1 .  2g. ) 'w i t h  b . p .  128-130°  , 408,  o - 1 .1 9 *  (1 ,  0. 25) .
(b )  A s o l u t i o n  o f  (+.) amyl h y d ro  g en -  3 - n i t r o p h t h a l a t e  ( l O g . )  
i n  e t h a n o l  ( 2 0 g . )  was a d d e d . t o  a  s o l u t i o n  of  p o t a s s i u m  
h y d r o x i d e  (5* 2 g . ) i n  w a t e r  ( 4 c . c . )  and t h e  whole h e a t e d  u n d e r  
r e f l u x  d u r i n g  one h o u r . '  Wafer  ( 5 0 c . c .  ) ' was added  and  t h e  - 
s o l u t i o n  d i s t i l l e d  u n t i l  no more a l c o h o l 5came o v e r .  T h e ■s t e a m " ' 
d i s t i l l a t e  was s a t u r a t e d  w i t h  p o t a s s i u m  c a r b o n a t e  and t h e  
u p p e r  l a y e r  s e p a r a t e d  d r i e d  and d i s t i l l e d .  T here  was o b t a i n e d
. ,  , ,  0 if-sS* A 0
( - ) a m y l  a l c o h o l  ( l . -5g»)  w i t h  b . p .  1 2 8 -1 30  , TJ 1 .4 0 8  ,
- 1 . 1 8 ° ( 1 , 0 . 2 5 ) .
S i m i l a r ,  r e s u l t s . w e r e  o b t a i n e d  when ( + ) amyl h y d ro g e n  
3 - n i t r o p h t h a l a t e  was h y d r o l y s e d  w i t h  IT. and  20y sodium 
h y d ro x id e . ,  s o l u t i o n s .  . ■ . . .
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H y d r o l y s i s  o f  ( - )  s e c - H u t y l  H y d r o g e n - 5 - h i t r o p h t h a l a t e .
( “ ) s e c - B u t y l  h y d r o g e n - 3 - n i t . r o p h t h a l a t e  was p r e p a r e d  
f rom  ( -  ) s e c - b u t y l  a l c o h o l  ( 2 0 g . ; 1 .  393; -Of 58° (1 ,  0. 25))
i n  a. s i m i l a r  manner t o  t h e  c o r r e s p o n d i n g  amyl e s t e r  and h a d  
m .p .  113-123°}  "o(^5- 1 . 1 5  (1>2; c , 1 0  i n  a c e t o n e  s o l u t i o n ) .
Y i e l d  43*7g. I t s  e q u i v a l e n t  w e ig h t  was ' 2 6 8 .5 ,  C a H ’ 
r e q u i r e s  "3.W. 267• * .
( a )  A s o l u t i o n  of  ( - ) s e c - b u t y l  h y d r o g e n - 3 - n i t r o p h t h a l a t e  
'"(10g. ) i n  H. sodium c a r b o n a t e  ( 9 '5 ' c . c . ) was h e a t e d  u n d e r  r e f l u x
d u r i n g  24 h o u r s  and y i e l d e d  ( - )  s e c - b u t y l  a l c o h o l  ( 0 . 8 g . )  with, 
b . p -  9 3 - 1 0 0 ° ,  393, =45' - 0 - 5 7 ° ( l , 0 . 2 5 ) .
(b )  A s o l u t i o n  o f  ( - ) s e c - b u t y l  h y d r o g e n - 5 - n i t r o p h t h a l a t e  
( l O g . )  i n  e t h a n o l  ( 2 0 g . ) w a s -a d d e d  t o  a s o l u t i o n  o f e p o t a s s i u m  
h y d r o x i d e  ( 5 . 2 g . ) i n  w a t e r  ( 4 c . c . )  and t h e  whole  h e a t e d  u n d e r  
r e f l u x  d u r i n g  one h o u r .  T here  was o b t a i n e d  ( - ) s e c - b u t y l
a l c o h o l  ( l . O g . )  w i t h  b . p .  9 6 -1 0 0  , 7} I . 3 9 3 , ^  - 0 . 5 7  ( 1 , 0 . 2 5 )
S i m i l a r  r e s u l t s  were  o b t a i n e d  when t h i s  e s t e r  was
'h y d r o l y s e d  w i t h  H. and 208 sodium h y d r o x i d e  s o l u t i o n s .
O x i d a t i o n  o f  ( - )Am yl A lc o h o l  t o  ( - h ) Y a le r a l d e h y d e .
( a )  To b o i l i n g  amyl a l c o h o l  ( 6 0 g . ; o t £ - 4 .7 3 °  ) was added.
d u r i n g  35 m i n u t e s  w i t h  v i g o r o u s  s t i r r i n g  a  s o l u t i o n  o f
'p o t a s s i u m  d ic h ro rn a te  ( 6 6 g . ) and c o n c e n t r a t e d  s u l p h u r i c  a c i d
(4 9 c o C . )  i n  w a t e r  ( 4 0 0 c . c . ) .  V a l e r  a l d e h y d e ,  t o g e t h e r  w i t h
w a t e r ,  was d i s t i l l e d  "o f f  a s  formed,  a t  8 0 - 8 2 ° ,  by  way o f  a ■s h o r t  
f r a c t i o n a t i n g  column f i t t e d  w i t h  a  v a r i a b l e  r e f l u x  s t i l l h e a d ,
and a f t e r  a d d i t i o n  was c o m p le te ,  d i s t i l l a t i o n  was c o n t i n u e d  
f o r  a f u r t h e r  •§• h o u r .  The d i s t i l l a t e  was s e p a r a t e d  and t h e  
a q u eo us  l a y e r  e x t r a c t e d  w i t h  e t h e r .  The e t h e r e a l  s o l u t i o n  and 
c ru de  v a l e r a l d e h y d e  were  combined,  d r i e d  o v e r  c a l c iu m  c h l o r i d e  
and d i s t i l l e d  . t h r o u g h  a .  3 Ocm. f e n  sice column y i e l d i n g  (-*-) v a l e r ­
a ld e h y d e  (29«7gv ,  y i e l d  5 0 .7 8 )  w i t h  b . p .  92-94° , d!} 0 . 8 0 6 2 ,
+ 3 1 .8 8  . B a d in  a n d . P a c s u  (19)  g i v e  b . p .  9 0 - 9 2 ° ,  d^* 0 .8 0 5 5 ,
-v31.20° .
| ^ # 0
(b)  (- )Amyl a l c o h o l  ( 1 2 0 g . ;  - 4 . 6 4  ) was o x i d i s e d  a s
i n  ( a )  w i t h  a  s o l u t i o n  o f  p o t a s s i u m  d i c h r o m a te  ( 132g . )  and  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 9 8 c . c . )  i n  w a t e r  ( S O O c .c . ) .
A d d i t i o n  was c o m ple te  i n  one h o u r  w i t h  a  column h e ad  t e m p e r a t u r e  
o f  8 0 - 8 3 ° .  T here  was o b t a i n e d  ( + ) v a l e r a l d e h y d e  ( 5 4 * 8 g . ,
Q p  -^0 6 '
y i e l d  4 6 .7 8 )  w i t h  b . p .  9 0 -9 3  , ^  1 . 3 9 1 ,  + 2 7 .8 8  .
6
( c )  ( - )Amyl a l c o h o l  (95g«;  ^  - 4 . 7 6  ) was o x i d i s e d  a s  
i n  ( a )  w i t h  a  s o l u t i o n  o f  p o t a s s i u m  d i c h r o m a t e  (104 o g * ) and 
c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 7 7 *5 c . c . )  i n  w a t e r  ( 635c . c . ) .  
A d d i t i o n  was c o m ple te  i n  50 m i n u t e s  w i t h  a  column h e a d  t e m p e r -
o
a t u r e  o f  8 2 -8 4  * T here  was o b t a i n e d  (-+) v a l e r a l d e h y d e  (45*5g .  , 
y i e l d  49/5) w i t h  h . p .  9 0 -9 3 “ , + 2 6 . 3 7 ° .
Race mi s a t  i o n  o f  (-4-) V a l e r a l d e h y d e  i n  A c id  M e d ia .
. . . - . XOQ o
( a )  To a s o l u t i o n  o f  ( + ) v a l e r a l d e h y d e  ( 2 . 5 c . c . ;  +-4 1 .4
10 *’ o
( 1 , 2 ))  i n  d i o x a n  . ( 5 c . c .  ) ,  w h ich  showed °(3 -+1 . 37 ( 1 , 0 . 25 ) ,  was 
added '  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 0 . 25c . c . ) when' t h e  r e s u l t ­
i n g  ‘s o l u t i o n  showed oC*°-*-0.93 ( 1 , 0 . 2 5 ) *  A f t e r  2 h o u r s  i t  h ad  
f a l l e n  t o  +0.26° ; a f t e r  19 h r s . +0.24° ; and a f t e r  42 h r s .  +0 .19°  .
q<i
(b)  ■ To a  s o l u t i o n  o f  (+) v a l e r a l d e h y d e  ( l . O c . c . ;  ^  + 4 1 . 4  
( 1 , 2 ) )  i n  d io x a n  ( 2 c . c . ) ,  w h ich  showed + 1 .6  ( 1 , 0 . 2 5 ) ,  was 
added 5$. s u l p h u r i c  a c i d  ( 0 . 2 5 c . c . ) when t h e  r e s u l t i n g  
s o l u t i o n  showed o£°-KL. 6° ( 1 ,  0. 25)* A f t e r  i f  h o u r s  i t - w a s  
unchanged ; '  a f t e r . '28 h o u r s  -+1.08°; a f t e r  65 h o u r s  + 0 .7 9  ; and 
a f t e r  ,96 h o u r s  + 0 . 6 8 ° .
*♦
C a t a l y t i c  ' .Dehydrogenat ion o f  ( - )Amyl A l c o h o l .
o ^
(- )Am yl  a l c o h o l  ( 2 2 g . ,  - 4 . 6 3  ) was p a s s e d  d u r i n g
i f  h o u r s  t h r o u g h  powdered  co p per  ( p r e p a r e d  by r e d u c t i o n  o f  
■copper h y d r o x i d e  w i t h  h y d ro g e n  a t  300°)  s u p p o r t e d  on c o p p e r  
gauze  w h ich  was h e a t e d  t o  2 0 0 -2 2 0 ° .  The p r o d u c t ,  when 
f r a c t i o n a t e d  t h r o u g h  a  12cm. Pen sk e  column, y i e l d e d  (-4-)valer-
o a * 21°
a ld e h y d e  (4*5g« ,  y i e l d  21%) w i t h  b . p .  9 4 - 9 9 ° ,  7j£11 .3 9 3 y  fcTJ 
+ 1 1 . 7  and ( - ) a m y l  a l c o h o l  ( 1 0 . 4 g . ,  y i e l d  4 7 t )  w i t h  b . p .
1 2 9 - 1 3 0 ° ,  ^ 1 . 4 1 2 ,  ^ - 3 . 9 3 ° - .
O x i d a t i o n  o f  ( + ) V a l e r a l d e h y d e  to-  (-+)V a l e r i c  A c i d .
( a )  P o t a s s i u m  p e rm a n g a n a te  ( 2 8 . 4 g . )  was added  d u r i n g  
an  h o u r  t o  a .w e l l  s t i r r e d  m i x t u r e  o f  c o n c e n t r a t e d  s u l p h u r i c
i g 6
a c i d  ( 2 9 c . c . ) ,  w a t e r  ( 2 2 5 c . c . )  and (+) v a l e r a l d e h y d e  ( 21 .5  g*,  Iff]j>
+31 .8 8 ° )  k e p t  b e lo w  2 0° .  ■ When a d d i t i o n  was c o m p le te  s u l p h u r
d i o x i d e  was p a s s e d  i n  u n t i l  t h e  s o l u t i o n  became c l e a r .  The
u p p e r  l a y e r  was s e p a r a t e d ,  washed w i t h  w a t e r  ( 5 c . c . ) and  t h e
> ✓
combined a q u eo u s  p o r t i o n s  e x t r a c t e d  w i t h  e t h e r .  The e t h e r e a l  
s o l u t i o n  and. u p p e r  l a y e r  were  combined and t h e  whole  d r i e d
/ 0.0
ove r  sodium s u l p h a t e  and d i s t i l l e d  through- a  12cm. hen  she 
column. There  was o b t a i n e d  ( + ) v a l e r i c  a c i d  ( 1 2 . 8 g . , y i e l d  508) 
w i t h  b . p .  1 7 0 - 1 7 3 ° ,  djt 0.-941, y ^ + 2 7 . 0 * ( 1 , 2 ) .
A s o l u t i o n ;  o f  t h i s  (4-) v a l e r i c  a c i d  ( 1 2 . 8 g . ) i n  158 
sodium h y d r o x i d e  s o l u t i o n  ( 7 5 c . c . )  was b o i l e d  u n t i l  o i l  c e a s e d  
t o  d i s t i l  (2 d r o p s  o f  o i l  were  c o l l e c t e d ) .  (+) V a l e r i c  a c i d  - 
was s e p a r a t e d ,  f rom  t h e  c o o le d  r e s i d u e  by a c i d i f i c a t i o n  w i t h  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 3 5 c . c . )  and a f t e r  d r y i n g  o ve r  
sodium s u l p h a t e  and d i s t i l l i n g  t h r o u g h  a 12cm. Y’enske  column '
o  i6v5 o  , . t—  q
had  b . p .  172-173  , ^  + 2 6 .5 0  (1 ,  2) , (a J^+ 14.  0 . Y i e l d  6 . 0 g .
— *
Power and R oger  son  ( 38) g iv e  b . p .  172-175° , +18.  2° .
Marckwald (36)  g i v e s  b . p . ,  17 4 ° ,  <3*t 0 .9 4 1 9 ,  ^  + 8 .75°  ( 1 ,  0 .5 )  ,
(b)  A s o l u t i o n  of  p o t a s s i u m  d ic h r o m a te  ( 4 5 g . )  i n  w a t e r  
( 5 0 c . c . ) was added  d u r i n g  an h o u r  t o  a w e l l  s t i r r e d ,  m i x t u r e  o f  
c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 6 5 c . c . ) ,  w a t e r  ( 2 5 0 c . c . ) and 
(.+)v a l e r a l d e h y d e  (-21.5g .  , +27 • 88° ) k e p t  be low 2 0 ° .  The
u p p e r  l a y e r  was s e p a r a t e d ,  washed w i t h  w a t e r  ( 5 c .  c . ) and  t h e  
combined a q u eo u s  p o r t  i o n s  e x t r a c t e d  w i t h  e t h e r .  The, e t h e r e a l  
s o l u t i o n  and u p p e r  l a y e r  were  combined and t h e  whole d r i e d  ove r  
sodium s u l p h a t e  and d i s t i l l e d  t h r o u g h  a 12cm. P e n sk e  column. 
T here  was o b t a i n e d  (-*-) v a l e r i c  a c i d  (15* 3 g - , y i e l d  -60%) w i t h  
b . p .  1 7 0 - 1 7 3 ° ,  1 .4 0 7 ,  o 4 ^ + 2 S .8 2 * C l f 2 ) ,  K J * + 1 5 . 3 1  .
O x i d a t i o n  o f  ( - ) s e c - B u t y l  O a r b in o l  t o  (4-) M e th y l  e t h y l  A c e t i c  A c id
A s o l u t i o n  of  ( - ) s e c - b u t y l  c a r b i n o l  ( 2 0 c . c . ,  ^
- 4 . 7 5 ° )  and c o n c e n t r a t e d  s u l p h u r i c  a c i d  ( 2 8 c » c . )  i n  w a t e r  ( 1 7 c . c  
was added  d u r i n g  3 h o u r s  t o  a  w e l l  s t i r r e d  s o l u t i o n  o f  .
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p o ta s s iu m  d ic h r o m a te  ( 4 0 g . )' i n  w a te r  ( 8 0 c .  c . ) . When a d d i t i o n  
was co m p le te  t h e  r e a c t i o n  m i x t u r e ,  a f t e r  r e f  l u r i n g  g e n t l y  f o r  
rh o u r , was d i s t i l l ed u n t i l  7 0 c .  c." o f  - d i s t i l l a t e -  c o l l e c te d : - -  '
a f t e r - t h e  . a d d i t i o n  of  p o t a s s i u m  h y d r o x i d e  ( 6g. ) t h e  u p p e r  
l a y e r  o f  amyl v a l e r a t e  w a s ' s e p a r a t e d  f rom  t h e  d i s t i l l a t e  and 
t h e  pqueous  p o r t i o n  a c i d i f i e d  w i th '  50% s u l p h u r i c  a c i d  ( 6 c . c . ), 
and e x t r a c t e d  w i t h  c a rb o n  t e t r a c h l o r i d e .
A s o l u t i o n  o f  t h e  s e p a r a t e d  amyl v a l e r a t e ,  sodium 
h y d r o x i d e  ( 4 g . )  and w a t e r  ( 5 c . c . )  i n  m e th a n o l  ( 4 5 c . c . )  was • 
h e a t e d  u n d e r  r e f l u x  d u r i n g  15 m in u t e s  and d i s t i l l e d  u n t i l  t h e  
r e s i d u e  became, p a s t y :  w a t e r  ( 4 0 c . c . )  .was t h e n  added  and
d i s t i l l a t i o n  c o n t i n u e d  u n t i l  t h e  d i s t i l l a t e  had  b . p .  9 8 - 1 0 0 ° .
To t h e  r e s i d u e  was abided s u f f i c i e n t  w a t e r  t o  g iv e  a  c l e a r  
s o l u t i o n ,  f o l l o w e d  by a s o l u t i o n  o f  c o n c e n t r a t e d  s u l p h u r i c  
a c i d  ( 3 c . c . )  i n  w a t e r  ( 1 0 c . c . ) ,  and t h e  whole  e x t r a c t e d  w i t h  
c a r b o n  t e t r a c h l o r i d e  , T h i s  e x t r a c t  -was . c o m b in ed :w i t h  t h e  
p r e v i o u s  one ,  d r i e d  o v e r  sodium s u l p h a t e  and  when d i s t i l l e d —' 
y i e l d e d  (*4-)methyle thyl  a c e t i c  acid. ( 6 . 2 g . ,  y i e l d  32.6,1) wri t h  
b . p .  170-174° , A" 0 -9 4 2 ,  ^ + X 7 . 4 6 ° ( 1 , 1 ) , [ - < 1 + 1 8 .5 °  .
P r e p a r a t i o n  o f  (4-) s e c - B u t y l m e t h y l  A c e t a t e .
( - ) s e c - B u t y l  c a r b i n o l  ( l O g . , -4*78  ) and a c e t i c
a n h y d r i d e  ( 2 0 c . c . )  were  hea,ted. t o g e t h e r  on a  s team  b a t h  d u r i n g
3 h o u r s  and  t h e  c o o le d  p r o d u c t ,  a f t e r  p o u r i n g  i n t o  w a t e r ,  was
s e p a r a t e d  and washed f r e e  f rom  a c i d  w i t h  d i l u t e  sodium
c a r b o n a t e  s o l u t i o n .  The r e s u l t i n g  o i l  was d r i e d  o v e r  c a l c iu m  
c h l o r i d e  and d i s t i l l e d .  T h e re  was ob ta in ed .  ( 4 - )  s e c - b u t y l m e t h y l
><^ 5„ a+6.1S >«^ (Sl,0+6.42 >°SyfrtJ+ 7 » 3 4 - ,o(3M^ -9 .6 5  , oC
.+ 1 2 * 3 0 ° .  H arden  and S e k o r sk y  (42)  g iv e  b . p .  1 4 1 - 1 4 2 ° ,  
a £  0 .8 8 0 3 ,  t)*° 1.4012,■ f O ^ + 3 - . 3 0 ° .
A t t e m p te d  P r e p a r a t i o n  of (H~) s e c - B u t y l m e t h y l  A c e t a t e  v i a  
(4-) s e c - B u t y l m e t h y l  B ro m id e .
1 °  se  c - b u t y l  c a r b i n o l  (18 .  Og. , c< t^ - 4 .7 8 °  ) a t  - 1 0 °
was added  p h o s p h o r u s  t r i b r o m i d e  ( 4 0 g . ) w i t h  s h a r i n g  d u r i n g  3 i
h o u r s :  a f t e r  s t a n d i n g  o v e r n i g h t  t h e  p r o d u c t  was h e a t e d  on a
s team  b a t h  d u r i n g  25 m i n u t e s  and ,  a f t e r ,  c o o l i n g ,  p o u r e d  i n t o
i c e - w a t e r  and t h e  s e p a r a t e d  o i l  washed s u c c e s s i v e l y  w i t h
c h i l l e d  c o n c e n t r a t e d  s u l p h u r i c  a c i d ,  10% sodium c a r b o n a t e
s o l u t i o n  and w a t e r .  The r e s u l t i n g  b rom id e  was d r i e d  and when
d i s t i l l e d  h ad  b . p .  (55-67° / l40m m ., d^ * 1 . 2 2 4 ,  9 .7 7 °  (1 ,  2 ) ,
•  #
j}Qj) +3*95° * Y i e l d  20g.  (66%). Marckwald & H olda  g i v e  £«Q^6
+ 4 .0 5 °  and B ra u n s  (13)  b . p .  7 1 . 7 * / l5 0m rn . , dj* 1 .2 2 4 3 ,  Q^31> +  4 . 04° 
T h i s  (-J-)amyl b rom ide  ( 2 0 g . ) ,  p o t a s s i u m  a c e t a t e  ( 2 0 g . )
& a c e t i c  a c i d  ( 2 0 c . c . )  were  h e a t e d  t o g e t h e r  .under r e f l u x  d u r i n g  
5 h o u r s ,  l u r i n g  t h e  r e a c t i o n  a  s t r o n g  s m e l l  o f  amylene  was 
o b s e r v e d  a t  t h e  t o p  o f  t h e  c o n d e n s e r .  The r e a c t i o n  m i x t u r e  - 
was d i l u t e d  w i t h  w a t e r  and t h e  s e p a r a t e d  o i l  washed s u c c e s s i v e l y  
w i t h  w a t e r  and sodium c a r b o n a t e  s o l u t i o n ,  d r i e d  o v e r  c a l c iu m  
c h l o r i d e  and  d i s t i l l e d .  T here  was o b t a i n e d '  ( t ) s e c - b u t y l m e t h y 1
TITERA-RBI) ABSORPTION SPECTRA.
'The f o l l o w i n g  i n f r a - r e d  a b s o r p t i o n  s p e c t r a  a r e  a l l  
p l o t t e d  on t h e  same a r b i t a r y  _ wave l e n g t h .. s c a l e ; _ i t ,,is.... t h u s .... 
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